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POWER FOR PEASANTS 


{ r is commonplace to compare the standard of 


living of a people with its consumption of 
electrical energy per head, and to demonstrate 
the correlation between them. An examination 
of the plans of any developing country, whether 
industrially advanced and wealthy, such as 
Canada, or largely agricultural and very poor, 


such as India, will show a preponderance of 


investment in plant for the generation and 
transmission of electricity. The eleventh 
tional meeting of the World Power Conference, 
to be held at Belgrade in June, is to be devoted 
to the economic and technical aspects of power 
as a factor of development in the under-developed 
countries. 


sec- 


Power makes news; especially when it 
obviously derives from taming the forces of 
nature, as it does in the vast hydro-electric 


plants on great rivers like the Mississippi, the 
St. Lawrence or the Zambesi; or in nuclear 
power plants where the terrifying energy that 
we now know to be hidden in particles too small 
to be seen is harnessed for industrial and domestic 
use. So valuable and convenient is electric 
power, that governments will subsidise its 
supply to particular groups of consumers and 
especially to farmers or, as takes place in many 
countries including our own, compel the town 
dweller to defray part of the cost of supplying 
it to his rural compatriot. There are, however, 
obvious economic limits to the extent to which 
power derived from central generating plant and 
possibly from imported fuel can be delivered to 
distant communities, scattered as they frequently 
are in Africa and Asia over vast areas. Here the 
cost of a supply of electricity must be measured 
against the alternative costs of using the forms of 
energy used traditionally over the centuries: 
those supplied by man, by bullock, by horse, 
by mule or by camel; or of using new and uncon- 
ventional forms that can be found locally. 

It is exactly this comparison that is made by 
Mr. E. W. Golding in a recent technical report 
published by the British Electrical and Allied 
Industries Research Association. Man, it 
appears, develops an annual output of a mere 
150 kWh, a working animal something of the 
order of 800 kWh, equivalent to a continuous 
power output of 4 kW. At these figures animal 
power, when account is taken of capital costs 
and depreciation, is not cheap and, even exclud- 
ing the cost of fodder, may amount to about 
7d. a kilowatt-hour. Between these primitive 
forms of energy and a bulk supply of power 
delivered from a distance there are, however, a 
number of other expedients, some of which are 
the subject of current research, and it is to these 
that Mr. Golding devotes a large part of his 
paper. From a number of interesting charts and 
tables he makes it clear that only if a kWh cost 
of more than Is. is acceptable, can areas as 
remote as 300 miles from the main generating 
station be reached, and then only if the demand 
exceeds 500 kW. But if the cost is to be at the 
more reasonable level of 3d. to 4d. a kWh, the 
distance cannot exceed 65 miles, and even at 
2.400 kW the distance cannot exceed 240 miles. 

If oil is easily available, local Diesel generation 
will often prove more economical for relatively 
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small loads than even cheap hydro-power if 
that power has to be transmitted over a long 
distance; but this will not be so if the oil itself 
has to be transported a long way from wells or 
ports. The development of unconventiona- 
sources of energy—wind generators, solar radial 
tion equipment, and the use of organic matter, 
is therefore of great interest for the inhabitants 
of these territories. A wind-driven generator 
can only operate above a minimum speed and it 
cannot, therefore, be used as a continuous 
source of power unless it is associated with some 
form of storage system. Solar radiation can be 
collected either by means of flat plates producing 
temperatures up to 200 deg. F. or by concen- 
trating reflectors, generally of parabolic form, 
producing temperatures as high as 5,000 deg. F. 
Flat-plate collectors are suitable for water and 
space heating and distillation of saline water; 
concentrating collectors for cooking and steam 
raising — although both can be used with suitable 
engines as sources of motive power. 

The simplest way to use vegetable matter is to 
feed it to working animals; but a more efficient 
use would be to burn it in a small steam power 
plant such as that sponsored by the National 
Research Development Corporation, of which a 
trial hundred are at last to be produced by a 
Scottish manufacturer. Alternatively, waste 
material can be burnt in a gas producer and the 
gas used in a suitable engine, but further investi- 
gation is needed into the design and construction 
costs of producers for power plants of small 
capacity. Farm wastes and other animal organic 
matter can be turned into methane. This 
procedure, which has been used for many years 
at municipal sewage-disposal plants, has been 
developed in France and Germany for cooking, 
heating and even tractor-driving on farms. 
Experiments in Germany and East Africa have 
also shown that sisal waste may be an excellent 
material for methane production, and a large 
number of other waste materials have been tried 
in India. 

Too little is yet known of the comparative 
costs of supplying power by all these different 
methods; but when further research has been 
done on them it should be possible to decide not 
only which individual method is most suitable 
in a particular location, but what combination of 
methods may enable the best possible use to be 
made of local resources. Such a combination 
would take account of the varying availability 
of the different energy sources and would relate 
the source to the timing of the load so as to avoid 
as far as possible the necessity of high-cost 
storage apparatus. In this way a family in a 
small community in a tropical area might be 
supplied with some 3,000 kWh annually from a 
mixture of wind power, for water supply, some 
farming Operations and (with storage battery) 
electric lighting; solar radiation, for water distil- 
lation and heating, space heating and cooking; 
and power from organic wastes for agricultural 
and rural industrial operations. 

Experimental work on equipment of this type, 
and research into the economics of its utilisation, 
may not have the same glamour or attract the 
same popular attention as large-scale projects, 
especially when these are based on mysterious 
new scientific discoveries; but the teeming popu- 
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lations of the under-developed areas need not so 


much a few exnensive show-pieces towering 
above the mass of primitive inadequacy, as a 
steady improvement of their means of living, 


To this end, equip- 
lies nearest at 


venly spread among them. 
nt for the utilisation of what 
hand may well make the biggest contribution. 


( , Low Energy Re urces to Provide Power 
Under-Developed Area By EF. W. Golding 
i) Report C TIS The British Electrical and Allied 
Re rch Association, Thorncrott Manor, Dorking 
! Sur (2Is.) 
Se — FF 
Surely the day cannot be far off when 


British Railways will commence tests with 
mechanical stokers. Anyone with footplate 
experience knows that there are already some 


runs which, even with good firemen and 
good coal, approach the limits of physical 
endurance—seldom above two tons per 


hour on a run normally of two hours dura- 
tion. With poor quality fuel and expert 
firing the situation deteriorates rapidly, and 
should poor coal be badly fired the position 
on the footplate becomes serious. Poor 
timekeeping on the railways frequently 
arises from the inability of the fireman to 
produce the steam the driver requires, 
although the blame does not necessarily lie 
with the fireman. So much for the existing 
Situation. 

As far as the future is concerned two most 
important factors arise. The National Coal 
Board are not likely to be able to supply 
better quality coal for locomotive purposes 
on British Railways, since mechanisation of 
the mines produces a higher proportion of 
very small coal. It may well be that the 
quantity of “unwanted coal ~~ will increase. 
Any further deterioration in the coal must be 
reflected in poorer performance. Under the 
Modernisation Plan, considerable speeding up 
is envisaged and the motive power, at all 
events in the short term, must be steam. 
To quote but one example, the handling of 
coal trains from the Midlands to London, 
at speeds hitherto associated with express 
passenger working, is going to call for a 
steaming rate far in excess of that for which 
manual firing by a single fireman can cater, 
if loads are maintained at existing levels. 

The two pre-eminent features of mechanical 
stokers are the ability to burn poorer quality 
fuel and the possibility of greatly creasing 
steam output despite the use of poorer fuel. 
In the circumstances now existing, and likely 
to prevail in the future, both these features 
extremely attractive propositions. 

The boiler has always been the weak link 
in the steam locomotive, especially from the 
maintenance point of view. With difficulties 
arising from indifferent coal, and with the 
need to improve the performance of steam 
locomotives, British Railways will have to 


are 


grasp the nettle. Mechanical stokers have 
been tried before on a very small scale in 
this country but more extensive tests will 
have to be undertaken. It is more than 
likely that only when mechanical stokers 
have been fitted will the full continuous 


power of some engines, such as the standard 
2-10-0, be exploited. 
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INSTRUMENTS AT THE PHYSICAL 
SOCIETY EXHIBITION 


The main quality required of an instrument ts 
that it should give a clear unambiguous reading. 
Although accuracy is essential, it is of little 
use if errors are likely to be made ty the operator 
when taking readings under industrial conditions. 
Multiplying factors are one stumbling block. 
When an engineer is shown a dial labelled 
*microamperes “~ and is told that the pointer 
is Indicating horse-power he may be excused for 
feeling that the equipment he is being shown is 
unnecessarily obscurantist. Also simple numeri- 
cal multiplying factors provide a trap for the 
unwary. With these considerations in mind 
it is interesting to note the types of display used 
in the instruments at the 4Ilst Physical Society 
exhikition. 

Many of the exhibits are specialist instruments 
intended for use by skilled staffs in laboratories. 
In such instruments the display must often be 
very complex but the capabilities of the user can 
be relied on. In other types of instrument for 
use In industry—often by staffs unfamiliar with 
the principles of the measuring technique 
employed—the display is only concerned with 
one variable and there is more flexibility in 
design. The value of 
the variable being mea- 
sured is generally repre- 
sented by an electrical 

quantity at the output 
of the instrument. The 
4 electrical quantity may 
, be interpreted by a 
meter with a_ pointer 
moving over a dial 
marked in the units 


= 


: Fig. 1 (left) The ** Cin- 
| tel’’ automatic _ fre- 
? quency monitor mea- 
: sures frequencies in the 
range 10 c/s to 20 Me's. 
It is made in 
console form. 


now 








4 

Les 

is 

Fig. 2 (above) The 
Racal microsecond 


chronometer enables the 


time interval between 
two events to be mea- 
sured with an accuracy 


of 1 microsecond. 


Fig. 3 (left) The ident- 
ification of radioactive 
elements can be achieved 
by examination of their 


radiation with the 
Philips analyser type 
1438B. 


of the quantity being measured. However 
this svstem is not altogether satisfactory since 
the operator has to spend some time deciding 
at what value the needle is actually situated. 
Also the error is not constant, and the accuracy 
limited The disadvantages may be overcome 
by using some form of digital display in which 
the quantity is allocated to a 
separate dial. To achieve such a digital display 
more complex circuitry is required, but the 
task of the operator is made simpler since the 
extra circuits take some of his decisions for him. 
An example of such a display is the Cintel auto- 
matic frequency monitor manufactured by 
Cinema-Television, Limited, Lower Sydenham, 
London, S.E.26. The instrument, shown in 
Fig. |, is designed for the automatic measure- 
ment of frequency in the range 10 c/s to 20 Mc/s. 
The value of the unknown frequency is displayed 
on eight panel-mounted meters, each scaled 
from 0 to 9 as shown in Fig. 4. The method 
of making the measurement is to count the 
number of individual cycles that pass through 
an electronic gate in a known time interval. 
Thus if the gate is open for one second, the 
resulting count indicates the frequency in cycles 
per second. Intervals of 0-1, 1-0 or 10 seconds 
may be used as desired. The instrument is 
intended for use as a laboratory standard and has 
an accuracy of 1 part in 10° + 0-1, 1-0 or 
10 c/s—depending on the range being used. 

It can be argued that the foregoing display is 
not truly digital since there is a continuous 
individual dial. A familiar 
digital display is that employing dekatrons. 
The dekatron is a counter. It contains ten 
electrodes, each of which can sustain a glow 
discharge. When an appropriate pulse is fed 
into a dekatron the glow moves on to the next 
electrode. If several pulses are fed in succession 
to the tube, the glow will move over the number 
of electrodes equal to the number of pulses. 
Consequently if the tubes are mounted in panels, 
with numerals engraved opposite each electrode, 
operations can be performed. By 
the dekatrons in series, using the 
ippropriate “carry” circuits, numbers having 
any number of digits may be represented. 
Variants of the circular dekatron are the indicating 
CU.552 and CU.542 used in the 

chronometer, shown in Fig. 2, 
manufactured by Racal Engineering, Limited, 
Bracknell, Berkshire. The instrument is designed 
to measure the time interval between two events 
with an accuracy of one microsecond. The 
range extends from 3 microseconds to | second 
and the result of any measurement is indicated 
on the six decade display shown in Fig. 5. 
The reference element in the chronometer is a 
temperature-controlled crystal oscillator which 
provides a train of pulses at | microsecond 
intervals. At the start of the event being timed, 
an electronic gate is opened. The number of 
pulses passing through the gate before it is closed 
by the cessation of the event indicates the 
duration of the event in microseconds. 

The foregoing displays, in which a spot of 
light appears close to a panel number, are not 
ideal from the point of view of rapid reading 
since the eye has to travel along the line of 
figures to locate the spot. Such scanning wastes 
time. However, the units are counters as well 
as displays and it is usually the former property 
which dictates their use. Two firms have 
produced new displays that would seem to present 
optimum clarity. One the in-line indicator 
produced by Hilger and Watts, Limited, Camden- 
road, London, N.W.1, is illustrated in Fig. 7. 
The units display the desired number in large 
clear figures without any mechanical movement 
in the indicator. Each unit consists of a stack 
of ten Perspex plates engraved individually 
from 0 to 9, each plate being separately edge- 
illuminated by its own lamp. Five lamps are 


each digit of 


variation on each 


counting 
arranging 


units types 
microsecond 
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Fiz. 7 Any number of in-line indicators may be stacked together to 
register as many decades as are required. The side view of a single unit 
shows the manner in which the engraved Perspex plates are illuminated. 
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Fig. 8 Multiplication of two variables—represented by a rotation and a 
linear displacement—is achieved with this electromechanical computer 
unit. The product appears as a voltage. 


Fig. 4 (left) Detail from 

Fig. 1 showing the manner 

in which each digit of 

an eight digit number is 

represented on a separate 
dial. 


Fig. 5 (left) Detai! from 
Fig. 2. Each digit of a 
six digit number is indi- 
cated by the position of 
the light spot in the 
appropriate column. 


Fig. 6 (right) A com- 
bination of a mechanical 
counter and a dekatron is 
used in each of the 100 
channels of the Philips 
analyser. 


held in a common block 
at the top of the unit 
and five at the bottom, 
as shown in Fig. 7. The 
units are made for panel 
mounting and can be 
assembled in banks so 
that as many decades as 
required are displayed 
in adjacent windows, 
and the line of figures 
appears as it would be 
normally written. 

A similar device that 
operates in a_ slightly 
different manner is the 


Nixie, produced by 
Burroughs Corporation, 
Philadelphia, |Pennsyl- 


vania, U.S.A. This unit 
produces a similar dis- 
play but the numerals 
are like scaled-down 
neon signs. Conductors 
in the shape of numerals 
are placed one in front 
of the other inside a 
glass envelope and by 
switching a potential to 
the appropriate one it 
can be made to light up. 
Both this unit and the 
previous one described 
require external switch- 
ing circuits and are not 
in themselves counters. 
However they do present 
their information in a 
manner that makes for 
very easy reading by 
unskilled staff. 

An instrument, shown 
in Fig. 3, that uses a 
combination of deka- 
trons and mechanical 
counters is the analyser 
manufactured by Philips 
Electrical Limited, 


Shaftesbury - avenue, 
London, W.C.2. The 
analyser enables _ the 
identification of radio- 
active materials by ex- 
amination of the par- 
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ticles that they radiate. It is designed to be 
used in conjunction with any type of nuclear 
particle detector. The display panel contains 
100 indicating channels, each of which can 
register counts of up to 99999. Each of the 
100 channels corresponds to a certain energy 
level of the particles being detected. After the 
instrument has been running for a_ sufficient 
length of time the counting is stopped and the 
values indicated by each channel read. A graph 
may then be plotted with channel number as the 
abscissa—corresponding to energy—and counter 
reading as ordinate—corresponding to the num- 
ber of particles of a given energy emitted. The 
resulting graph, which is the amplitude distribu- 
tion of the incident pulses, may be compared 
with reference graphs, and the composition of 
the material determined. The instrument has 
been constructed in a manner which facilitates 
servicing—major units unhinge to permit inspec- 
tion while the equipment is running. Other 
applications are possible since the amplitude 
distribution of any set of electrical pulses can 
be analysed. 

A robust electromechanical device that will 
multiply two variables and produce an electrical 
output proportional to the product was dis- 
played by Nash and Thompson, Limited, Ches- 
sington, Surrey. The device, a drawing of 
which appears in Fig. 8, is essentially a tacho 
meter generator in which the magnetic flux can 
be varied from zero to a predetermined maximum 
by means of a movable internal magnet. Since 
the voltage output of such a generator is pro- 
portional to speed of rotation and to flux density 
the product of a variable proportional to shaft 
speed and a variable proportional to magnet 
displacement may be obtained as an output 
voltage. The present prototype unit has a 
speed range of 0 to 3,000 revolutions per minute, 
and a linear movement range of 0 to | in. The 
maximum output is 75 volts. There are several 
applications for the unit, one being the direct 
indication of horse-power of engines or shafts 
By rotating the shaft at engine speed and obtain- 
ing a linear movement from some device such 
as a torque tube, the product of the two—horse 
power—may be displayed on a voltmeter. Such 
an application can be very convenient on mobile 
test beds. 

An automatic process for chemical analyses 
was demonstrated by Electronic Instruments 
Limited, Richmond, Surrey The Titromatic 
analyser is intended for continuous operation tn 























Fig. 9 The right hand unit of the Titromatic 
analyser contains an array of glass vessels, 
operated by solenoidal taps, and a monitored 
reaction vessel. The other cabinet contains the 


electronic control unit. 





Fig. 10 
the motorised microtome. 





Fig. 11 
the mechanism of the weighing machine and the facility for continuously 
recording weight changes down to 20 grams. 


The automatic sectioning of the human brain is carried out by 


a chemical plant. A sample for analysis is 
by-passed from the main stream at predetermined 
intervals. It is diluted with water and is then 
titrated against a standard reagent until neutrali- 
sation is complete. A servomechanism with a 
photoelectric sensing device adjusts itself to 
the level of the reagent in the burette and in so 
doing records the quantity used, on a chart. 
The time interval between titrations can be 
adjusted from 3 to 30 minutes and the manu- 
facturers claim that the accuracy is equivalent to 
manual tritrations by a skilled chemist. As will 
be seen from Fig. 9, there are two cabinets. 
The chemical unit contains an array of glass 
vessels, controlled by solenoid-operated taps, 
which feed into a reaction vessel containing 
electrodes for detecting the end-point. The 
second cabinet contains the electronic control 
equipment, consisting of a pH meter and a pro- 
gramme unit. Both cabinets are sealed against 
chemical fumes and can be pressurised. 

Another automatic device, for application in 
neurology, is the microtome drive produced by 
Servomex Controls, Limited, Jarvis Brook, 
Sussex. The equipment was designed in colla- 
boration with the Neuropsychiatric Research 
Centre,. Whitchurch Hospital, Cardiff, and is 
used to obtain large numbers of undistorted 
sections of the brain. The sections have thick- 
nesses varying between one thousandth and one 
ten-thousandth of an inch and are required for 
microscopic examination. The need for mechani- 
sation arises because 
some 10,000 slides are 
needed for the com- 
plete serial section of 


The soil container (capacity 2 tons) has been removed to show 


Fig. 
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a human brain. The basic tool is a Spencer 
rotary microtome equipped with a knife, the 
cutting facets of which are true to within 25 
microinches. The complete assembly consists 
of a motor controller which adjusts and monitors 
the rate of cutting from | to 200 cuts per minute. 
A counting mechanism records the number of 
sections cut and stops the microtome at any 
predetermined figure up to 10,000. This equip- 
ment is for more intensified research into serious 
psychiatric conditions. 

The machine illustrated in Fig. II is for a 
different field of application. The only reliable 
method for direct measurement of the rate of 
water loss from a growing crop is by measuring 
the change in weight of the crop and its associated 
soil. To do this requires the measurement of 
small changes in a large total mass. The machine 
illustrated has been developed by the National 
Institute of Agricultural Engineering, Silsoe, 
Bedfordshire, and is capable of recording weight 
changes down to 20 grams. It is self balancing 
and gives a continuous record. The container 
in which the plants are grown—not shown in the 
illustration—holds about 2 tons of soil. With 
this machine it is hoped to improve the under- 
standing of the relationships which govern trans- 
piration and the water requirements of plants. 


An electron microscope was exhibited by 
Metropolitan-Vickers Electrical Company. The 
type EM6 is designed to attain a_ resolving 
power of 15 A and_ incorporates facilities 

for transmission and 
reflection microscopy 


and micro-diffraction. 
The electron optical 
system consists of an 
adjustable electron- 
gun operating at 50, 
75 or 100 kV, followed 
by two condenser 
lenses, an_ electronic 
beam-alignment stage, 
water-cooled objec- 
tive. intermediate and 


final projector lenses. 
Direct magnifications 
ranging from 1,000 


times to 100,000 times 
are possible. 

When the beam 
accelerating voltage is 
changed, the lens ex- 
citation currents are 
automatically adjusted 
to maintain a constant 
image magnification. 





12 The EM6 electron microscope is capable of magnifications of 
100,000 times. 
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Letters to 


TWO WORLDS 


Sik, I find your leading article, ** Two Worlds ~ 
(March 29), quite excellent as a commentary on 
the present strikes. A large part of British 
industry to-day is suffering from managers who 
were brought up in the hungry thirties to think 
of labour as a commodity which could be bought, 
and who did not realise that they only got away 
with a tough policy because plenty of men were 
looking for any job they could get. Those 
times, and present rates of personal and company 
taxation, tend to put a heavy damper on the 
enthusiasm and morale which must start from 
the top. 

As propagandists, the employers seem to me 
to be singularly inept in trying to get the unions 
to promise higher productivity. The phrase 
cannot mean much to the individual union mem- 
ber, except perhaps as an appeal to work harder. 
Either he is conscientious or well-managed at the 
moment, or he is out for all he can get for as 
little effort as possible. The unions can’t change 
that. 

Higher productivity comes from better organis- 
ation and teamwork, and from giving each man 
more horse-power to work with: this is entirely 
a management responsibility, and is classically 
evoked by a high price for labour. The trade 
unions are morally justified in bargaining for as 
high wages as “ the traffic will bear”; to try to 
insist on keeping their restrictive practices at the 
same time is both utterly irresponsible, and 
extremely shortsighted, since it provokes a 
resistance as adamant as their own demands. 

Anybody who by writing, talking, or negotia- 
tion can spread enlightenment on these simple 
lines could solve this country’s financial problems 
and earn his own keep, as well as making life 
more fun for nearly all of us. 

Yours faithfully, 


April 5, 1957 


C. G. HEADLAM. 
152 Holland-road, 
London, W.14. 
March 29, 1957. 
x * * 


STRESSES IN WEB PLATES 
Sir, In his article on * Stress Raising Effects 
of Holes in Web Plates (ENGINEERING, Jan- 
uary 4, page 18), Dr. H. G. Edmunds presents a 
design chart giving stress concentration factors 
for flat plates with offset circular holes in bending. 
The curves are based on experimental results 
obtained by photoelastic investigations and the 
stress concentration factor is defined as the ratio 
of maximum stress at the edge of the hole to 
maximum stress in the plate without the hole 
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the Editor 


It is somewhat surprising to find that no 
reference is made to earlier photoelastic work on 
the case of a central circular hole in a flat plate 


. ° is 

in bending, i.e. the case where F 0. Results 
) 

obtained by Frocht and Leven,' and Ryan and 

Fischer® conflict with the suggested extrapolation 

given by Dr. Edmunds in Fig. 7 of his article 


° . . e e 
These results indicate that the line given for | 0 
) 


should be curved in the same manner as those 
given for the higher values. If, however, the 
stress concentration factor were based on the 
second moment of area for the ner section of the 
[(2h)* — (2a)*]t 
12 
in agreement with other photoelastic results 
This earlier photoelastic work, together with 
the mathematical theory of Howland and 
Stevenson,* was the basis for the Royal Aero- 
nautical Society’s Structures Data Sheet 06.06.01 
(August, 1954). A comparison between the 
curve from this data sheet and that suggested by 
Dr. Edmunds is given in the attached graph. 
Yours faithfully, 
MAUREEN E. MICHAEI 
The Royal Aeronautical Society, 
London, W.1. 
March 26, 1957. 


' Frocht, M. M. and Leven, M. M., ** Factors of 
Stress Concentration for Slotted Bars in Tension and 
Bending.” Amer. Soc. of Mech. Eng., Applied 
Mechanics Division, Trans., vol. 73, 1951. 

* Ryan, J. J. and Fischer, L. J., ** Photoelastic 
Analysis of Stress Concentration for Beams in Pure 
Bending with a Central Hole,” Franklin Inst. Journ., 
No. 225, 1938. 

> Howland, R. C. J. and Stevenson, A. C., ** Bihar- 
monic Analysis in a Perforated Strip,” Royal Soc., 
Phil. Trans., A vol. 232, 1933-1934 
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A STUDENT’S FULL LIFE 

Sir, I must protest at the statement, on page 391 
of your issue of March 29, under the heading 
* A Full Life for Students at Imperial College,” 
that “outside Oxford and Cambridge the 
number of residential places in universities in the 
United Kingdom is very small.” I can speak 
only for my own university, but | know there 
are others also for which the statement is untrue. 

In this university, of 837 men students, 356 
(42 per cent.) are in residence in Halls. I quote 
the figures for men as being of more interest to 
engineers, but the figures for women are compar- 
able. Some students prefer lodgings (these are 
by no means all * brown-baggers ™), but, of the 
rest, nearly all get at least one session in Hall. In 
fact, 72 per cent. of the final-year engineers are, 
or have been, in Hall. 

Yours, faithfully, 
A. N. BLACK, 
Professor of Mechanical Engineering. 
The University, 
Southampton. 

March 30, 1957. 
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INTERCOOLING IN GAS TURBINES 


Sik, I was interested to read Dr. P. Chambadal’s 
letter on page 356 of your issue of March 22, 
concerning my article on intercooling (ENGI- 
NEERING, March 1, page 274). Your corre- 
spondent questions my assumption that the total 
compression work should be shared equally 
between the compression stages in the intercooled 
cycle. This was done partly to reduce the 
analysis to manageable proportions, as was 
explained in the article, and partly because, as 
the writer correctly points out, this is the condi- 
tion for maximum specific output. 

Dr. Chambadal himself justifies my assumption 
because he goes on to stress that “ the chief 


421 


interest of reheat and intercooling is their effect 
on the specific output of a gas turbine.” In 
other words, it is unlikely that an intercooled 
gas turbine would be developed in which the 
division of work between compression stages 
differed markedly from the condition for maxt- 
mum specific output, because the primary pur- 
pose of intercooling by itself is to increase output 
This does not alter the fact that the numerical 
values associated with Figs. 16 and 17 would 
be different if some other division of compression 
work had been assumed, but not, | think, the 
trends. For instance, it must always be true 
that, other things being equal, the advantage of 
using the intercooled rather than the plain cycle 
is least, in terms of efficiency plus output, at the 
highest operating temperatures. 
Yours faithfully, 
B. W. MARTIN 
Department of Mechanical and Marine 
Engineering. 
King’s College, 
Newcastle-upon-Tyne. 
March 28, 1957. 
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Obituary 


MR. ROBERT WHITELEGG 


Robert Whitelegg, who died recently, had an 
unusual career as a locomotive engineer. He 
held important executive positions in charge of 
locomotives and rolling stock first on an English 
and then on a Scottish railway, afterwards 
turning to the commercial side as gencral 
manager of one of the most important locomotive 
building firms in the world, and eventuall 
going into partnership in a consulting engineerin: 
firm specialising in locomotive equipment. 

His early years were spent on the London, 
Tilbury and Southend Railway where he gained 
his training at Plaistow under his father, who 
was locomotive superintendent. Later he went 
to Spain, where he was in charge of the inspection 
of some British-built locomotives. After re 
turning home he became works manager at 
Plaistow, and succeeded his father in June, 1910 
He continued at first to follow the general design 
of 4-4-2 tank locomotives then in use on the 
line, adding an ingenious invention of his own 
which involved the coupling, to the reversing 
shaft, of a lever controlling a variable blast-pipe, 
with the idea of reducing back pressure at late 
cut-offs. He later brought out his first entirely 
new designs—the magnificent 4-6-4 tank engines 
and the lovely coaching stock for the Ealing 
and Southend through services—perhaps in their 
way the handsomest passenger vehicles ever 
built. 

But before the big tank engines could be 
delivered, the amalgamation of the Tilbury 
line with the Midland Railway had taken place, 
and Robert Whitelegg, having been a chief 
officer in his own right, was not the kind of 
character to accept a minor role in the new 
regime. For a time he left railways, but in 1918 
his opportunity came: he was appointed loco- 
motive superintendent of the Glasgow and 
South Western Railway, a much larger under- 
taking than the * Tilbury.” At the Kilmarnock 
Works he rebuilt a number of existing engines, 
some being altered quite extensively. Then in 
1922 there appeared his last and most impressive 
productions, the 4-6-4 tank engines for fast 
express work between Glasgow and the coast 
In addition, he built an exceptionally beautiful 
type of dining car. He also prepared designs for 
4-4-4 and 4-6-6 tank engines, which were never 
built, for in 1923 there came more railway amal- 
gation. It must have been a most bitter blow, 
but Whitelegg was nothing if not courageous, 
and he obtained the important post of general 
manager of Beyer, Peacock and Company, 
Limited. In the 1930's he turned to consulting 
work with Mr. J. D. Rogers. 

He was highly regarded by all those whose 
concern was railways and the Institution of 
Locomotive Engineers made him their President 
in 1922, and the Stephenson Locomotive Society 
honoured him by electing him a vice-President. 
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Weekly Survey 


Cover Picture: The craft of spinning is carried 
out on a simple but robust form of lathe, in 
which the circular metal blank or dise is rotated 
rapidly Pressure is applied to the lubricated 
metal surface by means of a spinning tool held on 
a T-rest against an adjustable fulcrum pin. This 
pressure deflects the unsupported portion of the disc 
on to a shaped chuck or * former” made of hard 
yvood, or of metal if many spinnings are required. 
The illustration shows the spinning of a light-alloy 
engine CoM line 
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Making Ideas Work 


The guidance and financial support given to 
specific projects by the National Research 
Development Corporation (N.R.D.C.) have pro- 
duced at least two winners in the engineering 
field. Electronic digital computers are now sold 
commercially by British manufacturers after six 
years of pioneering efforts by the Corporation. 
Printed electrical circuits are used or contem- 
plated for use in a wide range of products. 
There have been some failures, but no-one back- 
ing ideas can expect more winners than losers, 
however good his advisers. The fact that in the 
ear ending June 30, 1956, N.R.D.C. received 
nearly £173,000 from the sale of patent rights 
ind from exploitation of inventions is evidence 
enough of success. 

The Corporation’s annual report published 
last week also gives details of new development 
rojects started during the year. Two of the 
more interesting to engineers are the development 
of a new form of variable-speed squirrel-cage 
type induction motor and that of a small potato 


harvester. The motor is being developed by 


Professor F. C. Williams, in the Department of 


Engineering at} Manchester University. The 


design enables continuous speed variations of 


the order of two or three to one to be obtained 
‘without the complexities of slip rings, com- 
mutators and brush gear associated with known 
forms of variable speed A.C. drive.” The 
machine operates by virtue of a moveable pole 
structure and good efficiencies are realisable in 
machines of moderate size. The potato harvester 


is being developed by the National Institute of 


Agricultural Engineering at Silsoe. It is intended 
to fill the gap “ between the large combine 
machines and potato spinners and elevator 
diggers.” mainly for the use of the smaller 
growers who account for over one third of total 
United Kindom potato output. 

The Corporation’s activities are broadly based 
in chemical and other fields as well as in engireer- 
ing. One of the mort recent examples is the 
development (by the National Institute for 
Research in Dairying) of a method using ultra- 
sonic waves for freezing milk for at least 
12) months’ storage without deterioration. 
N.R.D.C.s function is to look around and 
select. for support projects which hold out 
outstanding promise but no immediate com- 
mercial reward. This they appear to be 
discharging very well. 
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Industrial Research in Canada 


At the end of last year the Dominion Bureau of 
Statistics published the results of a survey of 
industrial research and development in 1955, 
covering nearly 2,500 firms. The total amount 
spent on these activities within the firms them- 
selves, was nearly 52 million dol. and, in addition, 
12 million dol. was spent for work done outside 
Canada, of which expenditure in the United 
States accounted for 92 per cent. and in the 
United Kingdom for 4 per cent. It is anticipated 
that the cost of research and development in 1956 
will be found to have increased to over 79 million 
dol. As a proportion of sales, direct research 





expenditure averaged 0-5 per cent. with the three 
most research minded industries leading with 
1-7 per cent., 1-3 per cent. and 1-0 per cent. 

The industries spending most are the same as In 
other industrial countries: transportation equip- 
ment, which includes aircraft manufacture, elec- 
trical apparatus and supplies, and chemical pro- 
ducts. Transportation equipment accounted for 
expenditure amounting to 16-5 million dol. or 
slightly more than one quarter of the total for 
all industries, while the electrical and chemical 
industries together accounted for 18-6 million 
dol. In 1956 the transportation equipment 
industry reported a rise in expenditure of 37 per 
cent. and substantial increases were also reported 
by the chemical, petroleum, coal products and 
electrical industries. 

During 1955 the equivalent of 2,914 profes- 
sionally trained scientists were employed in 
research and development work by the reporting 
companies, including 760 with higher degrees 
who were mainly employed in industries less 
active in engineering research such as foods and 
beverages, rubber, paper, non-ferrous metals 
and chemical products 
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Electrical Development in Uganda 


With the object of spreading the distribution of 
electric power from the Owen Falls station as 
widely and as quickly as possible the Uganda 
Electricity Board has prepared a programme of 
development up to the end of 1960 to carry out 
which its borrowing powers were raised from 
£26 to £33 million on March 14. Of the former 
sum about £15-5 million had been allocated to 
the construction of the Owen Falls station and 
another £7 million to transmission schemes 
which had already been begun. The balance of 
£3$ million, too, had been committed to other 
schemes which had already been approved. 
Without further capital therefore it would have 
been necessary for the Board to slow down its 
development during the next two years. 

As it is, it will be possible to provide for exten- 
sions and reinforcements to existing 132 kV and 
lower voltage lines and to include new connec- 
tions from Mityani to Mount Elgon as well as 
others which make power available at places 
beyond the reach of Owen Falls. Expenditure 


on these projects will be at the average rate of 


nearly £2$ million per annum, which will be 
almost the same as that since the Board started 
nine years ago. Although these capital commit- 
ments are considerable and are at present result- 
ing in a deficit on the revenue account it is 
estimated that after the end of the present year, 
when the bulk supply to Kenya has been inaugur- 
ated, this will be converted into a surplus, even 
after allowance has been made not only for 
operating, maintenance and management costs, 
but after sinking fund and loan interest, except on 
capital assets that are not in commercial use, 
have been provided for. The proposed pro- 
gramme should therefore be self-supporting. 

The supply of electricity in bulk to Kenya 
will substantially increase the load on the 
Owen Falls station. The Board are therefore 
adopting the wise course of considering a second 
station lower down the river, although the 
demand is such that it will be unlikely that this 
will be required before 1964. Nevertheless, it is 
desirable that future prospects should be exam- 
ined and arrangements made at an early date to 
provide the necessary finance and to deal with 
technical matters. 
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By-Passing Nasser 


Proposals for a new pipeline linking all major 
oil producing countries in the Persian Gulf to 
an Eastern Mediterranean seaport are reported 
to have been approved by President Eisenhower 
and Mr. Macmillan at Bermuda. This project, 
the third major pipeline in the Middle East. is 
now being studied in detail by the major inter- 
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national oil companies. Long before the closure 
of Suez it had become clear that the expansion 
of European demand for Middle East oil during 
the next decade would be far beyond the capacity 
of existing and planned pipeline and tanker 
facilities. 

A leading United States consultant, Mr. 
Walter J. Levy, estimates that Europe’s needs in 
1965 will reach 4:3 million barrels a day, over 
twice as much as immediately before the Suez 
crisis. United States needs will bring the total 
amount required by the West to some 5 million 
barrels daily. Projected expansion of the capa- 
city of Tapline and the Iraq pipelines from 800,000 
barrels a day to 1-3 million would leave some 
3-7 million barrels to be carried by sea. The 
investment of £100 million planned by the Suez 
Canal Company prior to nationalisation would 
have more than doubled the Canal’s capacity 
within 10 years. If this is done shipments up to 
2-8 million barrels a day could be handled. 
There would therefore still be a shortfall of some 
900,000 barrels a day, which could probably be 
met by increased capacity from Northern Iraq. 

To be dependent on the goodwill of Egypt to 
the extent of well over half total requirements can 
no longer be contemplated. Events have shown 
that, with United States help, Suez is not indis- 
pensable in 1957. This might not be so in 1965. 
The construction of a new double pipeline with a 
capacity of well over | million barrels a day— 
14 million has been mentioned—would, coupled 
with a large programme of round-the-Cape 
tankers, transform the situation. The responsi- 
bility for stopping the flow would then be 
squarely on the producing countries themselves. 
As the president of Standard Oil (New Jersey) 
said in London recently, * countries will realise 
more and more that oil is only valuable if it is 
transported and used.” The impact of Suez 
was amazingly small, and the risk of another 
crisis will be under-written by ‘a reasonable 
spare capacity ~ in Venezuela and Texas. Stor- 
age capacity in European countries will doubtless 
be greatly increased. Yet, as Mr. Rathbone said, 
* You start to think how you can avoid the 
impact occurring again.” The new pipeline will 
achieve this, provided the Arab States see clearly 
that only to Europe do they have the remotest 
chance of selling their immense output, and 
therefore give the oil companies the necessary 
confidence to spend the £150 to £200 million odd 
which the new pipe line will cost. 
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Power and Light 


The Electrical Engineers’ Exhibition is only 
six years old, but it has become one of the largest 
exhibitions devoted to a single industry. This 


year it has increased in size and the whole of 


the first floor at Earl’s Court, London, has been 
added to the stand space. 

Preliminary announcements indicate that it 
will also be the brightest exhibition: a central 
light for the floor area, comprising a_ single 
lamp rated at 4,750 watts, will be installed. 
Suspended at a height of 100 ft., it will light the 
whole of the 330,000 sq. ft. covered by the 
exhibition. It is a mercury lamp, 50 in. long and 
8 in. in diameter, made by the Hackbridge 
and Hewittic Electrical Company, Walton-on- 


Thames. The manufacturers state that 36 of 


these lamps will light an area of 4! acres—the 
same area would have required 1,800 cathode 
lamps. The saving of electricity bills would 
be up to 75 per cent. 

Twenty-seven firms and bodies are taking part 
in this stand, with exhibits ranging from models 
of atomic power stations (shown by the Central 
Electricity Authority), to work actually in 
progress, for example, the assembly of switch- 
gear by apprentices. Four technical colleges 
are included among those taking part, and they, 
too, are showing students at work on the use of 
electrical equipment. An item here is devoted 
to work on lightning protection and is demon- 
strated by a model house which is set on fire 
by a lightning stroke. 
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Tickets and details of the exhibition have been 
issued to schools and technical colleges, and 
parties of students and older children are 
encouraged to pay a visit to get an idea of 
possibilities of careers in electrical engineering. 
The Institution of Electrical Engineers is taking 
part on the educational stand, as also is the 
Illuminating Engineering Society. 

The two models of nuclear power station 
shown by the C.E.A. are those for Bradwell. in 
Essex, and for Berkeley, in Gloucestershire. 
A third model, shown by the General Electric 
Company on their stand, is for the new station 
in the South of Scotland—this is on the scale 
of one-eighth of an inch to a foot, and measures 
8 ft. by 13 ft. 
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Comprehensive Contracting 


Signs continue to multiply of a trend towards 
comprehensive contracting by civil engineering 
concerns. The development of civil engineering, 
especially abroad, has owed much in its history 
to the drive and enterprise of individuals ot 
groups of individuals operating very often as 
partnerships. For a long time this form of 
organisation has been open to the competition 
of large American organisations offering a com- 
plete contracting service including finance. As 
civil engineering contracts have become larger. 
more complicated concerns offering a large 
organisation and financially attractive terms of 
payment have a big tactical advantage. The 
growth of civil engineering consortia from this 
country has been one of the means of counter- 
acting this advantage. 

A recent example of the trend towards an 
all-in. service comes from Taylor Woodrow 
(Building Exports), Limited, who have just com- 
pleted a chain of food distribution depots in 
this country with the help of Arcon prefabricated 
building components. The service offered in- 
cludes finding suitable sites, constructing the 
buildings and carrying through all the minutiae 
of supervision of administration right up to 
occupation of the premises by the client. This 
company is prepared to include in its services 
the appointment of architects, negotiation with 
local authorities, land purchase, legal arrange- 
ments and, if necessary, finance. In these days 
when the erection of a building involves a great 
deal of administrative work with the local 
building authorities, there is an obvious advantage 
in giving the entire project to one organisation. 
It is not necessarily an advantage, however, in 
many cases. Especially in this country, where 
there is a highly qualified architectural profes- 
sion, there is a great deal to be said for the 
architect’s independent view and control of the 
main features of the building project. Especially 
where financial assistance is expected it may be 
difficult for a client to stipulate which services 
he does not require. Altogether, this trend 
towards strengthening the position of the civil 
engineering organisation brings with it many 
problems for engineer, architect, and client alike. 
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Stable Industrial Output 


Although the output of consumer goods and 
the rate of capital investment by the private 
sector of industry declined towards the end of 
last year, the impression given by the latest 
figures of total industrial production is one of 
stagnation rather than decline. According to 
provisional estimates by the Central Statistical 
Office, the official index for February is likely 
to be between 142 and 143 compared with 142 
in February, 1956. 

The index for January, 1957, is estimated at 
137 compared with 139 in January, 1956, and 
with 135 in January, 1955. The break-up 
of the total index for January, however, shows 
experience to have been rather uneven. Activity 
in the public utilities continues to increase, 


allowing for seasonal variations, and even mining 
and quarrying put up a better performance in 
January this year than it did in January, 1956. 
As might be expected, the impact of the decline 
through the winter was felt mainly on manu- 
facturing industry, 

It may be that the improvement in motor- 
vehicle production has played an important part 
in the February recovery and there is no doubt 
that steel production continues to have a buoyant 
influence. Nevertheless, following the high rate 
of capital expenditure in the first half of 1956, 
there should have been an expansion in industrial 
production in January and February of 2 or 3 per 
cent. compared with the corresponding months 
of last year. The failure of this increase to 
take place is the measure of stagnation. When 
the final figures for February are available they 
may be the last for several months to give any 
indication of the state of the trade cycle. The 
March figures will be affected by the shipbuilding 
and engineering strikes. Unless there are rapid 
developments after this issue goes to press, 
strike action may also affect the April record 
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Price and Efficiency 


One aspect of level tendering which has not so 
far received a great deal of attention is the tying 
of plant efficiency to price. To be effective, price 
fixing must obviously be accompanied by the 
fixing of standards. Goods offered at the same 
price have to be as nearly equal in performance, 
life and other characteristics as it is possible to 
enforce. Otherwise level tendering would be 
quite meaningless. One of our readers points 
out that no reference to this was made in 
the Monopoly Commission’s Report on the 
Supply and Exports of Electrical and Allied 
Vachinery and Plant. He quotes an agreement 
operated by one of the industry's trade groups 
which laid down that prices had to be increased 
by 10 per cent. for each | per cent. of efficiency 
quoted above the agreed level. This, he con- 
tends, “ stultified any drive towards improving 
performance ™ and was a thoroughly bad influence 
on technical progress. 

The inference is that the customer pays more 
attention to price than to the efficiency of the 
plant. or, alternatively, that the specified increase 
in the price is out of proportion to the returns 
which can be expected from the higher efficiency. 
In this context the view of the industry's trade 
groups quoted in the Commission’s report is 
interesting. Defending the principle of level 
tendering, they said: “...the price agreements 
also contribute to technical efficiency by diverting 
competition between the signatories from price 
to quality: when price competition is removed, 
competition in quality remains and is all the 
fiercer because it is the main field ieft for com- 
petition.” Quality is presumably meant to 
apply to life, ease of maintenance and other 
factors not directly related to what is generally 
known as plant efficiency. Most of the buyers 
of electrical machinery would agree that some 
competition existed in this restricted field. But 
the result may not have been an unmixed blessing 
for the machinery industry. It could be an 
explanation of the fact often quoted abroad 
that the weight of British-made turbo-generators 
per kWh of output is higher than in the case of 
German, Swedish and Swiss plant and that it is 
therefore more expensive to produce. 
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British Oxygen Reply 


* The existence of a Monopolies Commission is 
a reflection of public opinion: of an instinctive 
wish to know that where a monopoly situation 
has developed the companies involved in it are 
* playing fair’; that they are efficient and have a 
clear sense of responsibility to the public.” This 
is quoted not from a Government or Opposition 
speech—it could have come from either—but 
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from a statement signed by Mr. J. S. Hutchison 
chairman of The British Oxygen Company 
Limited, It is the opening sentence of a booklet 
published by B.O.C. in answer to the charges 
made by the Monopolies Commission in thei 
report on The Supply of Certain Industrial and 
Medical Gases. 

The booklet is refreshingly frank and realistic 
Several of the rcport’s recommendations are 
adopted, and the principles underlying them 
agreed by the company. Among these are the 
use of * fighting companies to meet competi 
tion and the need to free the provision of plant to 
other suppliers, or to consumers, who wish to 
make their own gas. On the question of prices 
B.O.C. undertake to enlist * the best independent 
professional assistance” in an examination of 
costs to ensure that the new scales of prices are 
related to costs in each class and applied unt 
formly to all ordinary users 

On the question of profits B.O.4 
the Commission's conclusions that rates 
per cent. or more on historical costs of the assets 
employed were “ unjustifiably high. They 
consider that profits should be related to the 
replacement costs of assets and not ™* to historical 
cost of outworn and depreciated assets On 
the new basis profits amount to 17, 16 and 15 per 
cent. in the past three years and are not considered 
too high to compete in the capital market 
On research also B.O.C defend themselves 
contending that the 2:8 per cent. of turnover 
spent on it in 1956 is substantial enough. But 


disagree with 


of 23 


the company are accustomed to competition 
only one third of their turnover was involved in 
the Commission’s inquiry. In the past decade 
they have invested £46°6 million in. capital 
schemes, employment has risen from 7,099 (1946) 
to 13,090 in the United Kingdom and 20,0099 for 
the group as a whole. Sales of liquid oxygen 
have gone up four times and the price ts now 
less than it was 10 years ago. Such performance 
figures lend support to B.O.C’s claim that 
monopoly or no they are doing all British indus 
try could ask of them. 
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Uranium Supplies 


Further arrangements were announced last week 
to assure the increased supplies of uranium which 
will be required under the expanded nuclear 
power programme. In an annexe to the com 
muniqué issued after the Bermuda meeting 
between Mr. Macmillan and the Prime Minister 
of Canada it was stated that approval was given 
to a large-scale contract under which the U.K. 
Atomic Energy Authority will purchase during 
the next 5 years uranium to the value of about 
115 million dol. from the Canadian Government 
Agency (Eldorado Mining and Refining, Limited). 
The contract was worked out with the co-opera- 
tion of the U.S. Atomic Energy Commission 
which holds an option on Canadian output up 
to 1962. Further discussions are to take place 
regarding Canadian supplies to the United 
Kingdom after 1962. It is estimated that under 
the agreement this country will receive an average 
of between 700 and 1,000 tons of uranium metal 
a year from Canada over the next 5 years 

It was also announced at about the same time 
that the U.K. Atomic Energy Authority was 
willing to buy annually in the Federation of 
Rhodesia and Nyasaland concentrates containing 
500 tons of uranium oxide. The first uranium 
plant in the Federation came into operation 
about the middle of March. This will operate 
from a small deposit near the Number 4 shaft 
at Mindola of the Nkana Mine belonging to 
Rhokana Corporation. 

These developments underline the big changes 
which are taking place in the world supply 
situation as regards uranium. In 1956 free 
world production of uranium in terms of metal 
was estimated at about 12,000 tons, the largest 
producer being the United States with about 
2.500 tons. By 1959, however, free world 
production will probably reach about 25,000 tons 
of which Canada is expected to produce 12.500 
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Speakers at the Leonardo da Vinci Lecture for Boys at the Institution of Mechanical Engineers. 


tons. Even so it seems unlikely that there will 
be any marked over-production and the alloca- 
tion of available supplies will involve the fullest 
co-operation between potential users. The 
19 nuclear power stations to be built in the 
United Kingdom will require as initial charges 
between 7,000 and 10,000 tons of uranium metal, 
and total United Kingdom uranium fuel require- 
ments (as distinct from atomic bomb production) 
will probably be about 14.000 tons during the 
next & years to 1965 
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Electric and Other Shocks 


The stories unfolded by the chairmen of David 
Brown, Enfield and North British did not make 
cheerful reading. All three declared a loss on 
trading. Other companies reporting last week 
show a steep fall in profits, including the Brush 
Group, Ford Motor Company and Reyrolle. 
The circumstances in which this reversal of 
fortunes took place are in each case somewhat 
exceptional and no cause for despondency. 
Yet, except for Ford, no such thing was expected. 
The Stock Exchange showed how it can be caught 
unawares and reacted sharply to the news. In 
Reyrolle’s case the price of Ordinary stock was 
marked down 7s. 3d. as soon as it was announced 
that the net profit had declined by about a 
quarter to £2°5 million 

Enfield and North British have been in the 
doldrums for some time. The former appeared 
to be pulling round very well, with new manage- 
ment and a great deal of enterprise. The heavy 
loss sustained on metal stocks due to the fall in 
copper prices was the main contributing factor. 
North British’s case is quite different. They are 
the last large unit remaining independent in 
what was formerly known as the steam loco- 
motive building industry. For some years now 

in fact since 1949-—it has become clear that the 
demand for steam locomotives had fallen never 
to recover. N.B.L.C., like other units in the 
industry, were almost entirely dependent on 
export markets, due to British Railways’ practice 
of building their own locomotives. The com- 
pany attempted to diversify, and produced a 
number of products under licence ranging from 
excavators to hydraulic transmission systems 
The directors state that the loss of £508,000 is 
due to “change-over from steam to Diesel 
locomotives, which largely took place during 
the year” proving more difficult than had been 
anticipated. But the change-over began at least 
three years ago and should have begun in 1948, 
Recovery had begun towards the end of last 
year 

David Brown made a small but unexpected 
loss of less than £2,000 compared to a profit 
of £612,684 the previous year. In their case it 
could be a_ reflection of general industrial 
activity, if gears and gear units were mainly to 
blame. Much more likely, however. is a serious 
loss on the company’s car manufacturing activi- 
ties. The price of the Lagonda was reduced by 


£1,000 at the last Motor Show, and the market 
for luxury cars of this type is clearly very limited. 
But tractors sales have also gone badly: re- 
organisation and staff changes may also have 
played their part. Ford compete with David 
Brown on the tractor side, where their share of 
the market rose by 2 per cent. Their overall 
results are remarkable for their steadiness under 
very adverse conditions. Sales fell by 84 per 


x * * 


Dark Horizons for Aircraft 


The decision of the Minister of Supply. Mr. 


Aubrey Jones, to accept the recommendation of 


the Select Committee on Estimates on the 
selective allocation of contracts within the air- 
craft industry will affect a host of firms which 
have until now been sub-contractors to the 


ministry. The objective of the new system of 
allocation is “to bring about the measure of 


coalescence “ which the Committee consider 
desirable. Too many airframe contractors 
existed who “ had consistently not pulled their 
weight.” Lord Hives presumably had these in 


mind when he commented that, in the case of 


some firms, “ the only thing they produce is a 
good balance sheet every year. I have not seen 
them produce anything else.” In future there 
will certainly be far fewer sub-contracts to firms 
which have done little research or development. 
Most of the development contracts will be 
awarded to the leading firms in the industry who 
will pass on sub-contracts as required. Faced 
with a diminishing amount of work for military 
aircraft and with cuts in the Government 
expenditure on research and development, they 
are unlikely to put out what they can do them- 
selves. 

The extent to which the aircraft industry's 
research has been financed by the Government 
is indicated by Professor Jewkes’ estimate that 
it received the greater part of the £100 million of 
public funds allocated to industrial research last 
year. The Select Committee recommend that 
some financial contribution to Ministry spon- 
sored projects should be paid by the firm con- 
cerned, suggesting 20 per cent. of the estimated 
cost, “to be returned if the project went into 
production or was favourably reported on by the 
Ministry of Supply.” The fact that since April, 
1945, some £600 million has been spent on air- 
craft research certainly lends weight to the 
Committee’s remarks. 

Cuts in development expenditure are certain: 
also, some reductions in the orders placed for 
military aircraft. Total expenditure will be less, 
and more will be diverted to guided weapon 
research and development. But missile work is 
unlikely to fill more than a fraction of the pro- 
duction space required by aircraft. The result 
is likely to be a strengthening of the successful 
firm, most of whom have substantial interests in 
civilian aircraft production, and something like 
the end for the less successful. 


THE BLUEBIRD TEAM 


Six hundred schoolboys who attended the 
Leonardo da Vinci Lecture at the Institution of 
Mechanical Engineers last week will surely 
carry a lasting memory of the occasion—when 
Mr. Donald Campbell and his team told them 
the story of the Bluebird and how it gained the 
world speed record on water. It was one of the 
rare occasions when the inherent fascination of 
engineering was successfully communicated to 
non-participants. 

The top table in the Institution hall was 
occupied by the * team ~—Donald Campbell, 
C.B:E.: P. T. Fink, B.E., A.F.R.Ae.S., reader 
in aeronautics, Imperial College of Science and 
Technology: L. H. Norris, A.M.I.Mech.E., a 
member of the firm of consulting engineers 
concerned with the design of the Bluebird; 
D. M. Smith, D.Sc., M.I.Mech.E., F.R.S., 
chief engineer, mechanical engineering develop- 
ment, Metropolitan-Vickers Electrical Company, 
Limited; and Leo Villa, chief engineer to Mr. 
Campbell—with Mr. H. G. Conway, M.A., 
M.I.Mech.E., F.R.Ae.S., director, Short Brothers 
and Harland, Limited, who was chairman, 
and Mr. Brian G. Robbins, M.Sc. (Eng.), 
M.1.Mech.E., secretary of the Institution. 

The purpose of the annual Leonardo da Vinci 
Lecture for Boys is, ultimately, to attract more 
school leavers to the profession This is not, 
perhaps, as easy as it sounds. There is always 
a small proportion of older boys at school who 
have already decided what they are going to do 
when they leave, so there is not much point in 
preaching to them; but there are many who 
are undecided though they have the potential 
abilities to become engineers, in the sense that 
they are good at mathematics, physics, etc. 
For them, undoubtedly, a vivid emotional 
experience can tip the scales in the right direction. 
A lecture of the traditional kind seldom succeeds 
in this way unless it is given by a man of excep- 
tional qualities as a_ lecturer. The idea of 
having a group of speakers who are all associated 
with an exciting project, such as the capture of 
the world water speed record, seemed likely to 
overcome this difficulty. In the event it was most 
certainly a success. Each address was reasonably 
short and each presented a different facet of the 
subject. Mr. Campbell spoke of his own 
experience as the pilot of the speedboat and of 
the history of world speed records, and he 
laid valuable emphasis on the place of expert 
engineering in the design and development of 
the Bluebird. Mr. Norris admirably recalled 
the technical problems which had been encoun- 
tered in the design and how they had been 
overcome. The part played by wind tunnel 
tests was explained by Mr. Fink, who did not 
hesitate to expound a little elementary aero- 
dynamics to the boys. Mr. Villa’s life-long 
pleasure in acting as guide, philosopher and 
friend to Mr. Campbell and his father came out 
In an engaging talk; and Dr. Smith brought out 
very well the link between the excitement of a 
world speed record and the patient, unobtrusive 
work on the gas-turbine engine, originally 
developed for aircraft use, which made it possible. 
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ELECTROLYTIC DESCALING 


By D. S. Tulloch, 8.sc.,* 


Ferrous-metal containers carrying reactive fluids 
always need attention eventually, owing to the 
rusting and scaling on their inside surface, and 
the normal procedure for removing such corro- 
sion products is usually lengthy, expensive in 
labour costs, and involves wasted time as the 
container has to be out of service often for a 
long period. Electrolytic descaling is a method 
of removing corrosion products automatically, 
and it is more efficient, cleaner, and speedier 
than the traditional methods 

The method is an extension of the principle of 
cathodic protection, the surface of the container 
being made the cathode of an electrolytic cell 
This cell is completed by the installation of an 
anode or an “ array” of anodes in a specially- 
prepared electrolyte, and applying direct current 
between the container and the anode by means of 
transformer-rectifier equipment or other low- 
voltage source. During the process the evolution 
of hydrogen occurs at the cathodic surfaces. 
This evolution is carefully controlled in cathodic- 
protection installations, but in electrolytic descal- 
ing it is allowed to become intense, and has the 
effect of loosening the bonds between the surface 
and any scale adhering to it. 

Increased hydrogen evolution is achieved by 
increasing the current density at the surface of 
the container. By the careful spacing of the 
anode array, all parts of the surface, including 
normally inaccessible corners, can be treated and 
the system can be made more efficient by reducing 
the resistivity of the electrolyte by the addition 
of salts. 

Upon completion of the descaling, a brief 
reversal of the circuit polarity has a final loosen- 
ing effect, and any scale remaining can be easily 
removed by pressure hosing or wiping the surface 
with, say, wire wool. 

To show the effect produced by electrolytic 
descaling, a demonstration was carried out 
recently on one compartment of a four-compart- 
ment 2,000 gallon road tanker, which had been 
carrying petroleum spirit. Inspection showed that 
there was a film of tightly-adhering rust scale 
which was evenly distributed over the entire 
inner surface. 

The anode array used consisted of corrugated 
lead-alloy plates mounted on a timber framework 
This was a special design made for demonstration 
and test purposes. The electrolyte employed was a 


* Marine Division, Cathodic Corrosion Control, 
Ltd. 

Technical 

Duncan 


Control, 
London, 


Sales, Cathodic Corrosion 


House, 


Dolphin-square, 


Ltd., 
S.W.1. 





and C. L. Wilson, B.sc.* 


common-salt solution containing a wetting agent 
to overcome any possible effects of residual 
** oiliness * in the compartment. Unfortunately, 
however, a considerable quantity of the salt was 
lost in filling because the exit valve at the base of 
the tank was not properly closed. Hence, the 
resulting resistivity of the electrolyte was 
80 ohm. cm. instead of 20 ohm. cm. as origin- 
ally intended 

The test, however, was allowed to proceed and 
the circuit was switched on at 12-30 p.m. ona 
Monday, and the transformer-rectifier equipment 
adjusted to give 130 amperes, representing a cur- 
rent density of approximately |-3 amperes per sq 
ft. on the inner surface of the compartment. The 
intention was to run the apparatus for some 20 
to 24 hours, and although there was considerable 
evidence to show that the tank was essentially 
descaled, after a period of 5 hours, the system 
was left switched on overnight. 


NEOPRENE COATINGS FOR 


Protective coatings intended for conditions of 
unusual severity, when exceptional resistance to 
chemical attack is called for, have recently been 
made available to industry. These materials, 
Semprene Adcora neoprene coatings, are the 
result of the combined work of rubber and paint 
technologists; they are manufactured by Semtex 
Limited, a subsidiary company of the Dunlop 
Rubber Company, Limited, and the sales and 
technical services are in the hands of the Indus- 
trial Protection Division of E. and F. Richardson 
Limited, Buckingham. The coatings are based 
on neoprene synthetic rubber, a_ polychloro- 
United 


butadiene material, produced in_ the 

States by E. I. du Pont de Nemours and Com- 
pany, Incorporated. Their trade name for 
heat-resistant rubbers is Hypalon. It is in- 


teresting to note that the du Pont company 
are erecting a factory in Northern Ireland which 
will be able to supply the neoprene needs of the 
United Kingdom and the whole of Europe 

The Semprene Adcora neoprene coatings 
are stated to have proved themselves to be 
superior, in their ability to withstand chemical 
attack and abrasion, to any other type of com- 
mercially available anti-corrosive coating. Thus, 
the structural steelwork and process equipment 
in the works of a chemical manufacturer are 
protected to-day as well as when the coating 
was first applied in 1954. On the other hand, 
it is stated that previous systems employed had 
an average life of between four and 20 weeks 


(Left) A neoprene lining 
being applied by spray- 
the 


ing to interior of 


a railway tank wagon 
used for carrying hot con- 
soda. 


centrated caustic 


(Right) A neoprene-lined 
water pump installed in 
a municipal water-supply 
pumping station. In this 
instance the impeller was 


not coated. 
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a.m. on the following morning, 21 
hours after starting up, the circuit polarity 
was reversed for 15 minutes in order to remove 
any salt deposit from the interior of the tank 
The whole system was then switched off, and the 
tank drained. The electrolyte which flowed 
from the tank was considerably discoloured by 
rust particles, and an immediate examination of 
the tank interior showed the presence of a thick 
precipitate or sludge of rust and scale which had 
fallen from the upper parts of the compartment 
on to the anode array, its supports and the bottom 
of the tank compartment 


At 9.30 


The sludge was hosed out and, after the 
removal of the anode array, the tank was lightly 
wiped over with wire wool. The tank was 


flushed once again and finally dried by using a 
degassing air hose. A final examination showed 
that all surfaces had been cleaned down to the 
bright metal, even in inaccessible corners. One 
small patch of rust remained in a top corner of 
the tank and this the electrolyte had not reached 
owing to a tilt in the vehicle during the work 
The tank interior was finally given one coat of 
rust-inhibiting solution and the vehicle put back 
into normal service 


COMBATING CORROSION 


High-speed aircraft flying through rain storms 
suffer erosion on plastics laminated surfaces 
such as radar domes and antennae. This 
problem, it is claimed, has been entirely elimin- 
ated by the application of a coating 0-01 in 
thick of the mew material. So successful ts this 
method of protection that it is now being 
employed for the protection of aircraft leading 
edges. In steelworks, for protecting structural 
steelwork, pipelines, coke-oven and by-products 
plant, and in many industries for the protection, 
internally and externally, of duct work, the new 
material has proved highly successful. Further 
more, in the atomic-energy establishment at 
Harwell, concrete tanks lined with a rendering 
of latex cement, followed by a neoprene coating 
are used for the general laboratory effluent, 
some of which is radioactive. It is understood 
that the tanks are standing up well to the prevail- 
ing conditions 

Four types of coating are available at present, 
namely P.4, P.6, P.7, and P.8. P.4 is a black 
self-curing neoprene maintenance coating for 
brush or spray application. P.6 is a_ black 
two-part high-solids coating for more severe 
conditions, and P.7 is a priming coating for use 
with P.6 and P.8, over concrete, wood, steel and 
other materials. P.8 is a reinforced grade of 
P.6, for higher abrasion and for 
certain specialist purposes 

Most corrosion engineers are now convinced 
that no protective coating having a total dried 


resistance 
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film thickness of less than 0-005 in. can be 
expected to perform satisfactorily under severe 
conditions. With P.4 this optimum thickness is 
exceeded in three coats and with P.6 and P.8 
this minimum can be exceeded in one. 

By the middle of the present year it is hoped 


that P.4 will be available in red and grey as 
well as in black and, in addition, a Hypalon 
finishing coating in aluminium will be on sale, 
to be followed shortly after and before the end 
of 1957 by further Hypalon finishing coats in 
six other colours. 


DEPARTMENT OF METALLURGY AT BIRMINGHAM 


COLLEGE OF 


Last autumn, the Department of Metallurgy 
of the City of Birmingham College of Technology 
moved from the old buildings at Suffolk-street, 
after having been there for over 60 years, to 
take up residence in new premises at Gosta 
Green, a short distance from the City centre. 
The new laboratories which occupy a total area 
of about 15,000 sq. ft., are on the ground and 
lower-ground floors of the building and are 
now in full working order. An _ additional 
10,000 sq. ft. of floor area will be available for 
corrosion and protection, metal-finishing, and 
other laboratories, when the remaining portions 
of the College buildings are completed in two 
to three years’ time. The Department, it is 
stated, is certainly among the largest metallur- 
gical schools in the British Commonwealth: 
it has a student population of about 400 taking 
metallurgy as their main subject, together with 
300 engineers and others who take metallurgy 
as a subsidiary subject. 

Three main types of courses of study in 
metallurgy are provided, namely, (a) a sandwich 
course leading to the new Diploma in Technology, 
instituted by the National Council for Tech- 
nological Awards; (5) a degree course leading 
to the B.Sc. London external honours degree in 
Engineering (Metallurgy), and (c) the College 
Associateship course incorporating the National 
Certificates and membership of the Institution 


of Metallurgists’ examinations. 
is Dr. I. G. 


The head of the department 
Slater, M.Sc., F.1.M., and the full-time teaching 
staff number 12. In addition, there are 30 


visiting lecturers and assistants who help mainly 
with the evening classes. The present teaching 
staff is to be augmented shortly by the appoint- 
ment of two readers, the one in physical metal- 


TECHNOLOGY 


lurgy, and the other in industrial metallurgy. 
These two new appointments will be primarily 


directed towards the furthering of research 
work, 

The largest of the new laboratories is the 
general metallurgy laboratory. It has a floor 


area of 1,600 sq. ft., and is equipped with coke 
and gas-fired melting furnaces, muffles and a 
two-high rolling mill, as well as microscopes and 
calorimetry and other apparatus. The foundry 
laboratory, with an area of 1,250 sq. ft., is also 
equipped with a wide range of melting and 
ancillary apparatus. A two-high, 15 h.p. Robert- 
son rolling mill, having rolls measuring 6 in. by 
8 in., for rolling flats and hexagons, is in the 
1,050 sq. ft. production-metallurgy laboratory, 
which also houses wire-drawing and rotary 
swaging machines, a small coining press and 
other equipment. A full range of hardening, 
annealing, tempering and other furnaces and 
water and oil-quenching tanks are installed in 
the heat-treatment laboratory, the floor area of 
which is 1,050 sq. ft. 

The remainder of the space is occupied by 
roomy metallurgical-analysis, physical and mech- 
anical-testing and non-destructive testing labora- 
tories; a physical metallurgy laboratory equipped 
with 24 bench microscopes: a particularly well- 
equipped advanced physical-metallurgy labora- 
tory containing polarising and projection micro- 


scopes, tube furnaces, pyrometers, etc.: a 
mineral-dressing laboratory, and a_ machine 
shop. 

The College has recently been designated 


as one of the eight “colleges of advanced 
technology * and the work of the department of 
metallurgy may be expected to expand at more 
advanced levels. 


LIGHTWEIGHT SULPHIDE ORE DETECTOR 


A new portable electromagnetic detector for the 
geophysical prospector has been developed in 
Canada by Mr. Vaino Ronka, an electronics 
engineer on the staff of Aeromagnetic Surveys, 
Limited, Toronto. 
Known as the Ronka 
lightweight instrument which ts 
flashlight 


Ground EM, it ts a 
powered by 
carried 


batteries and can be easily 


& 





and operated by two men. It will be of most 
service in accurately locating and detailing 
sulphide bodies detected in the first instance by 
airborne electromagnetic methods. Materials 
other than sulphide bodies can show up as an 
anomaly on the airborne EM equipment. The 
ground EM survey will assist in distinguishing 
these materials from commercial sulphides. 
The use of the diamond drill, although con- 
clusive, is an expensive method of confirming 
the presence of such sulphides. 

The equipment consists of two horizontal 
coils or “ loops” which are suspended around 
the waists of the operators by shoulder harnesses. 
The prospector carrying the receiver coil also 
carries the receiver compensator console and is 
equipped with earphones. His companion 
wearing the transmitter coil operates the equip- 
ment with a switch. He is connected to the 
receiver by a cable 200 ft. long which is stretched 
taut in operation. 

The principle of operation is much the same 
as that used so successfully with airborne EM 
equipment, described in the August 24, 1956 
issue Of ENGINEERING. An alternating current 
passed through a coil of wire sets up a magnetic 
field about the coil. Any metallic electrically- 
conductive body within this alternating magnetic 
field will have eddy currents induced within it, 
which in turn set up a secondary magnetic field 
about the body. 
this secondary field, the operators establish the 
presence of the metallic conducting body. 

To produce the Ronka Ground EM, a new 
company, Ronka Geophysical Instruments, has 
been formed in Toronto, in association with 
Aeromagnetic Surveys, Limited. 


By detecting the presence of 
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UNITED KINGDOM 
PRODUCTION OF PLASTICS 


The output of plastics in this country, which 
has been more than doubled since 1950, reached 
335,000 tons during 1956, an increase of more 
than 10,000 tons over the total for 1955, namely 
324,000 tons. Thermoplastics materials including 
P.V.C., polythene and polystyrene, were again 
responsible for more than 50 per cent. of the 
output. Exports of plastics materials, consisting 
of moulding powders, resins, sheet, rod, tube, 
film and foil, but not finished components and 
parts amounted to nearly 98,000 tons in 1956. 
The tonnage exported approached five times that 
for 1947 (21,000 tons) and was more than 20 
times that for 1938 (4,300 tons). 

In issuing the above figures, the British 
Plastics Federation state that Australia remained 
the best client for United Kingdom plastics 
materials in 1956. India came second and 
was followed by France, the Netherlands, South 
Africa, Sweden, Italy and Denmark. 


x *& 


CAREERS IN PLASTICS 


In 1925 the total quantity of plastics material 
produced in the United Kingdom was about 
10,000 tons. In 1955, the total was 324,000 tons, 
a more than thirty-fold increase in as many 
years, and the industry is still growing. These 
figures are given in a_ broadsheet entitled 
* Careers in Plastics > produced by the Plastics 
Institute, 6 Mandeville-place, London, W.1, 
and distributed through the Central Youth 
Employment Executive of the Ministry of 
Labour and National Service to most schools 
in England, Scotland and Wales. 

It is pointed out in the broadsheet that firms 
in the plastics industry can be divided into six 
main groups: (a) plastics material manufacturers; 
(b) moulders who produce finished articles; 
(c) extruders who make tubes, rods, strips and 
sections; (d) fabricators who machine finished 
articles from plastics blocks, sheets, rods or 
tubes; (e) laminators who produce reinforced 
plastics materials with the aid of cotton cloth, 
paper, asbestos cloth and glass cloth; and 
(f) plant manufacturers who make the equipment 
employed in the manufacture and processing of 
plastics. 

Details are given on the broadsheet of the 
training required, the educational facilities and 
courses available in London and the Provinces, 
and the salaries obtainable in the industry. The 
prospects for young men and women in this 
expanding industry are characterised as ** bright.” 


x * * 


PLASTIC PLUMBAGO 
REFRACTORIES 


The crucible department of the Morgan Crucible 
Company, Limited, Battersea Church-road, Lon- 
don, S.W.11, are about to market three new 
refractory products under the brand names 
* Black Sal Nos. 900, 1,000 and 2,000. No. 900 
is a cement, No. 1,000, a plastic ramming 
material, and No. 2,000, a stopper plugging 
compound. Basically all three are plumbago- 
silicon carbide plastic refractories requiring only 
the addition of water to be ready for use. 
No. 900 is primarily intended for jointing 
plumbago ware, but can also be used as a 
refractory wash coat. No. 1,000 is a_ plastic 
ramming material for use in the foundry. It is 
stated to possess excellent resistance to thermal 
shock and to corrosive attack from molten 
metals, slags and most fluxes. No. 2,000 is 
claimed to be highly resistant to erosion and to 
be an excellent compound for stopper plugging. 

The three Black Sal refractories are to be 
sold in 7 Ib., 28 Ib. and 112 Ib. drums, but larger 
quantities can be delivered in casks. 





























ENGINEERING April 5, 1957 





STARTING BY INERTIA 


Many methods have been devised for starting 
Diesel engines under unfavourable climatic 
conditions, and probably the most popular for 
the smaller engine have been the electric starter 
and the air motor; but where it is not convenient 
or practicable to use either of these two, as for 
instance where storage over long periods might 
cause deterioration in batteries, or where space 
would preclude the presence of compressed-air 
cylinders, an inertia starter has been devised 
by Simms Motor Units, Limited, Oak-lane, 
East Finchley, London, N.2. The model SX 
is shown fitted to the engine of a tractor in Fig. 1. 

The principle is quite simply that by turning 
a crank by hand, a heavy flywheel is made to 
revolve at a comparatively high speed (8,000 
r.p.m.) and when this speed is constant a dog- 
clutch is engaged, so that the inertia of the 
fly-wheel is utilised to turn over the engine. It 
is claimed for the Simms unit that ten seconds 
cranking is sufficient to start any engine with up 
to six cylinders and of a capacity not greater than 
1 litre per cylinder. The starter can be fitted 
directly in place of a standard electric starter 















without any modification to the engine, and 
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models are available for fitting to either the right- 
or left-hand side. The block diagram in Fig. 2 
shows the mechanism of the unit. When the 
hand-crank is turned, the starter pinion engages 
with the engine flywheel and the engine is 


slowly turned over by a reduction gearing 
known as the auxiliary drive gearing. This 
action both frees and primes the engine. At 


the same time the inertia mass is accelerated, 
through the main drive gear and the input 
winding epicyclic gear, until it attains a speed 
of 8,000 r.p.m. When this is reached, a warning 
bell sounds in the starter, cranking is discontinued 
and the dog-clutch engaged. The momentum 
of the flywheel is then transmitted to the starter 
pinion through a variable transmission gear 
and the output step-up gear. 

The purpose of the variable transmission gear 
is to give a smooth acceleration to the engine, 
to avoid sudden strains when the clutch is 
engaged. Fig. 3 shows the arrangement of 
cranks which make up this variable transmission. 
The drive from the dog-clutch is at crank A, 
which then rotates and slowly accelerates 
crank B, the axis of which is set at right angles to 
that of crank A. When both cranks have 
rotated through 180 deg., all the energy from the 
fly-wheel has been transferred to the engine 
and the last few degrees of rotation give a smooth 
deceleration. The engine is rotated about two 
complete revolutions by this means and, when 
it fires, the starter pinion is automatically 
disengaged in the same manner as with an electric 
starter. When cranking is commenced for a 
subsequent start, the variable transmission cranks 
are automatically re-set to their starting position. 

No greater strain is imposed on the crank- 
shaft by the inertia starter than is normally 
encountered when using an electric motor for 
the purpose. The effort involved in cranking 
the unit up to speed is comparatively slight and 
is easily within the power of most operators. 





3 Smooth acceleration of the engine and 
deceleration of the inertia mass are obtained by 
two cranks set at right angles. 


Fig. 


The cranking handle engages with a transverse 
pin on the shaft and is normally removed after 
use. The complete starter unit we ghs 73 Ibs. 
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RADIO NETWORKS 


Links in Orient and Antipodes 


A radio network operating in the 4,000 Mc/s 
band has recently been installed in Japan. The 
route is from Osaka on the island of Honshu 
to Fukuoka on the island of Kyushu, covering 
a distance of some 385 miles. Equipped with 
three both-way radio channels, the system 
provides 240 telephone channels and one two- 
way 525 line television channel. Switching 
facilities enable the third radio channel to be 
used as a standby for either television or tele- 
phony. The network includes II repeater 
stations, nine of which operate unattended. 
The repeater station at Koi, in the vicinity of 
Hiroshima, is designed to provide telephone 
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and television dropping facilities, while the 
Tsune Yama station is arranged to function as 
a control station for the network. The equipment 
at the latter station incorporates facilities that 
enable television programmes to be fed to a 
local transmitter without affecting the through- 
routed programmes in either direction. The 
contract for the provision of the network was 
received by Standard Telephones and Cables, 
Limited, Aldwych, London, through _ their 
associates, the Nippon Electric Company, Lim- 
ited, Tokyo. 

Forty-five degrees east of Japan, and somewhat 
to the south, is the site of another radio link 
using the super-high-frequency band. The 
New Zealand Post Office has decided to install 
a broad-band radio relay system to link Hamilton 
and Palmerston, in the North Island. This is 
the second stage of a project to establish a 
complete trunk telephone network between 
Aukland and Wellington. The contract for the 
supply and installation of radio equipment, 
towers, and ancillary equipment has _ been 
awarded to Standard Telephones and Cables 
Proprietary, Limited, Wellington. The equip- 
ment will be designed and manufactured in 
England by Standard Telephones and Cables, 
Limited. As a first step, Standard engineers are 
going to New Zealand to co-operate in making 
propagation tests over the route to determine 
optimum repeater-station spacings, heights of 
towers, and other pertinent data. It is expected 
that the radio transmission path envisaged will 
cover a route-distance of some 240 miles, with 
eight intermediate repeater stations. A spur 
route will extend 22 miles from the repeater 
station at Mount Tuahu to New Plymouth. 
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ENGINEER AND LAYMAN 
A Meeting Point Required 


Electronic engineering is an important producer 
of consumer goods, notably television sets and 
sound equipment. The type of performance 
required of such equipment is not always clear. 
A conscientious engineer usually designs on the 
assumption that the equipment should reproduce 
exactly whatever signal is put into it. However, 
although this exacting requirement is easily 
formulated it is not necessarily the one that will 
ensure that the looker or listener gets what he 
wants. The greatest difficulty facing the engineer 
is to discover what sort of sound the layman 
prefers to hear. The meaning of “ reality” is 
as baffling to the engineer as it is to the meta- 
physician. The problem of the layman is to 
understand what the engineer has to offer. 
* Bandwidth,” “ cut-off,” “ phase character- 
istic *’ mean little to him 

The existence of these two groups and the 
need for communication between them was 
stressed by Mr. F. H. Britain at a luncheon 
given by the Public Relations Committee of the 
Radio Industry Council. The luncheon saw 
the presentation of premiums for articles pub- 
lished in the technical press during 1956. 
Premiums of 25 guineas were awarded for each 
of five articles. Mr. Britain, responding on 
behalf of the recipenits, was the co-author of 
a paper on _ stereophonic systems and has 
specialised in acoustic measurements and the 
psychology of listening. Consequently, it was 
apt that he should emphasise the necessity for 
engineers to put across the capabilities of elec- 
tronic equipment by writing articles that can be 
understood by the general public. 


The difficulties of sound reproduction are 
already with us. The same problems will arise 
when colour television arrives. Possibly the 


only solution will be for each laboratory to 
have a captive aesthete on whom they may 


try out high-fidelity systems. Certainly by 
offering premiums for technical writing the 
Radio Industry Council is encouraging the 


engineer to tell the public what he has to offer 
Details of the awards, and means of entry may 
be obtained from the Radio Industry Council, 
59 Russell-square, W.C.1. 
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FATIGUE UNDER TRIAXIAL STRESS 
A TESTING MACHINE AND PRELIMINARY RESULTS* 


By J. L. Morrison, D.sc., B. Crossland, M.SC., PH.D., and 
J. S.C. Parry, PH.D. 


The behaviour of materials subjected to steadily 
increasing stress is fairly well understood in an 
engineering sense; and testing under systems 
of triaxial stress, in particular, systems in which 
varying degrees of triaxial tension or compression 
have been added to shear stresses, has contributed 
much to this understanding. If it is accepted 
that the understanding of the behaviour of 
materials under a single application of stress has 
been aided by testing carried out under triaxial 
stress systems, it is natural to wonder if such 
stress systems would be equally informative in 
promoting an understanding of fatigue failure. 
Information on the strength of materials under 
repeated triaxial stress is almost completely 
lacking. 

An example of such a stress system is provided 
by a thick cylinder subjected to repeated internal 
pressure, and this is also an example of consider- 
able practical importance since failures of indus- 
trial plant subjected to repeated high pressure 
have proved troublesome. The state of stress 
in an elastic thick cylinder can be regarded as a 
uniform triaxial tension superimposed on a 
simple shear stress which has a maximum value 
at the bore: the ratio of the triaxial tension to the 
shear changes with the ratio of the external to 
the internal diameter of the cylinder (this latter 
ratio being henceforth referred to as K). Ina 
bar subjected to repeated torsion, however, the 
shear stress is unaccompanied by triaxial tension. 
Comparison between the results of these two 
types of test might be expected to show the 
influence, if any, of the added triaxial tension. 

APPARATUS DESIGN 

The work carried out in the University of 
Bristol on the fatigue of thick-walled cylinders 
subjected to repeated internal pressure has 
received the support of Imperial Chemical 
Industries Limited, and the expertmental method 
used was developed from a suggestion made by 
Mr. W. R. D. Manning of that company. This 
method required a ram to be reciprocated in a 
test cylinder filled with liquid, so producing a high 
pressure each time the liquid was compressed; 
means for making up any loss of oil were also 
outlined. * 

It was of course obvious that the practical 
difficulties were very great and might well prove 
insuperable. In fact, it has proved possible after 
many vicissitudes to make a_ testing machine 
which subjects cylinders to repeated pressures of 
up to 20 tons per sq. in. (3,000 atmospheres) at 
speeds of 750 cycles per minute. 

In the first instance it was decided to test a 
nickel-chromium-molybdenum steel which has a 
linear stress-strain relationship, and is exten- 
sively used in high-pressure plant. The English 
Steel Corporation presented a large quantity of 
their “ Vibrac V 30™ steel in the form of 24 in. 
diameter bar, heat treated to give an ultimate 
strength of about 56 tons per sq. in. For this 
material, endurance tests to 10 million cycles 
appeared to be appropriate, and it seemed likely 
that fatigue failures could be produced in cylinders 
with a K of 2. To avoid serious size effect and 
difficulties in machining and yet provide a 
sufficiently long gauge length, the dimensions 
shown in Fig. | seemed a reasonable com- 
promise. 

The liquid to be used inside the cylinder should 
have a number of properties which are not neces- 
sarily compatible with each other. The desired 

* Abridgement of two papers: (a) ** Fatigue Under 
Triaxial Stress: Development of a Testing Machine 
and Preliminary Results,” by J. L. M. Morrison, 
B. Crossland and J. S. C. Parry, Proc. 1. Mech. E., 
vol. 170, No. 21 (1956), and (4) ** Further Results of 
Fatigue Under Triaxial Stress,” by J. S. C. Parry, 
International Conference on Fatigue of Metals, 
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September, 1956, Session 2, Paper 


properties are a high bulk modulus, low coeffi- 
cient of change of viscosity with pressure, no 
tendency to corrode steel, or to freeze at the 
maximum working pressure, and good lubricating 
properties for the seal on the ram. The oil 
finally selected was * Shell Tellus 15,° which 
appears to be generally satisfactory in all these 
respects. 

The problem was to produce within a test 
cylinder a repeated pressure which could be set 
at any value up to 20 tons per sq. in. and main- 
tained constant during a test. A rough calcula- 


Fig. 1 Typical test cylin- 
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as a modification of a plain seal used on oil- 
engine injector pumps in that a relatively thin 
extension of the member surrounding the ram 
(hereinafter called the gland) is made to project 
into the liquid space. The gland is held in 
position by a retaining screw, and leakage 
between the gland and the block is prevented by 
a rubber packing round the outside of the lip, 
extrusion of the rubber being prevented by a 
chamfer ring. 

The ram is made of hardened silver-steel, 
ground and honed to a diameter constant within 

20 micro-inches and to a surface finish of 
approximately | to 2 micro-inches. The gland is 
made of a 65 ton nickel-chromium-molybdenum 
steel: the bore is finished by careful honing until 
it is a very good sliding fit on the ram. During 
this honing a curious effect occurs. In the early 
stages, of course, the ram will not enter the gland. 
Later a stage is reached when the gland will slide 
on the oiled ram perfectly easily as long as it is 
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tion indicated that a ram with a diameter of 


0-5 in. and a maximum stroke of 1-5 in. would 
produce the pressure required. This implied a 
maximum ram load of 4 tons. The practical 
difficulties of making an infinitely-variable stroke 
mechanism outweighed the inconvenience entailed 
in Operating a machine in which the stroke of the 
ram was variable only in discrete steps: the 
exact setting of pressure and the minor adjust- 
ments of pressure could be obtained by altera- 
tions in the clearance volume. Figs. 2 and 3 
and the photograph reproduced, Fig. 4, show the 
present design. A sectional view of the high- 
pressure system is shown in place in Fig. 2. 

The direct-current motor is coupled byV-belts 
to a pulley which is bolted to the flywheel, the 
combined unit being coupled torsionally by 
shearpins to the layshaft on which it is mounted. 
This layshaft runs at three times the machine 
speed and the drive is taken from a double-width 
pinion to gears on each of two similar crank- 
shafts running at machine speed. When the 
machine is at rest, a cover plate can be removed, 
the layshaft moved axially to clear one only of 
the mating gears, rotated to any desired position 
and returned axially to re-engage the other gear. 
Thus the phasing of the crankshafts can be 
altered. Eachcrank drives through a connecting 
rod one end of a crossbeam, the mid-point of 
which drives the ram, so that the stroke of the 
ram is varied by altering the relative phase of the 
crankshafts. The pressure-gauge cylinder, which 
is part of the high-pressure system, provides a 
clearance volume into which a core bar in the 
form of an additional ram can be introduced 
while the machine is running, and the adjustment 
to the pressure so effected covers with adequate 
overlap the steps in pressure caused by changing 
the relative gear setting by one tooth. 

SEALING DIFFICULTIES 

In the final design of the high-pressure system, 
shown in place in Fig. 2, the main block is spigoted 
to the rest of the machine to ensure satisfactory 
alignment, and was designed to hold a special 
high-pressure gland or seal for the working ram. 
It was clear at the outset that the successful 
running of the machine depended utterly on 
the possibility of making a satisfactory seal; one 
which would give very small leakage and friction 
and yet have a reasonably long life. After con- 
siderable experimentation, the seal finally adopted 
was of the “ lip” type, which can be considered 
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kept moving, but if the motion is interrupted for 
a fraction of a second the two lock firmly together, 
and the ram has to be driven out of the gland by 
hammering with considerable force, the process 
occasionally but not always resulting in damage 
to the gland. A possible explanation is that the 
bore of the gland is smaller than the ram and 
perhaps very slightly bell-mouthed, so that con- 
tinuous movement maintains a lubricating film. 
This state of course is unsuitable, and honing is 
continued until this locking effect just does not 
occur. The available measuring equipment is 
not really suitable for measuring the fit when 
this condition is reached, but the clearance is 
believed to be less than 20 micro-inches. 

The test cylinder is connected to the main 
block by heavy screwed flanges, a wave ring 
being used to make the high-pressure joint. 
Similarly the pressure gauge, which is a cylinder 
with a higher K than the specimen, is connected 
to the other end of the test cylinder, the only 
difference being that a cone ring joint is used. 
This difference between the high-pressure joints 
at each end of the specimen arose from develop- 
ment trouble, but both are now satisfactory. To 
determine the pressure, the dilatation of the 
pressure-gauge cylinder is measured by electrical 
resistance strain gauges, using a null method 
described by M. H. Roberts (** Precise Measure- 
ment of Fatigue Load,” Metallurgia, vol. 146, 
No. 274, pages 107-114). This system can be 
calibrated by applying known static pressures. 

PRESSURE GENERATION 

A screw jack is used to position the pressure- 
adjusting ram, the former being held in a lantern 
frame which is screwed on to the pressure gauge. 
A normal type of gland using a rubber packing 
ring fitted with chamfer rings is used to form 
the seal between the ram and the pressure gauge. 

To reduce the amount of work expended 
during compression, the volume of oil in the 
high-pressure system had to be reduced to a 
minimum. How best to achieve the desired 
result without unduly restricting the passages 
through which the oil would have to flow, and 
so risking in a high-speed machine a seriously 
non-uniform pressure distribution, was less 
immediately obvious. The design adopted 
(see upper portion of Fig. 2) involved the use 
of a split core bar, internally tapered and 
* fitting over a tapered extension to the ram. 
Under ideal conditions such a design could 
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approximate in effect to a ram swelling radially 
at each longitudinal section and so producing 
little more fluid motion than a radial expansion 
and no fluid motion at all in the space between 
the core bar and cylinder. In practice, of course, 
a considerable degree of compromise is required 
and the taper has to be chosen to suit average 
conditions. 

Inevitably there is a slight leakage from the 
gland and this has to be made good. Oil is 
supplied at a constant pressure of about 300 Ib. 
per sq. in. to a simple spring-loaded non-return 
ball valve in the head of the pressure-adjusting 
ram. The ball valve requires 150 Ib. per sq. in. 
to open: so the pressure in the cylinder when the 
working ram is at bottom dead centre is main- 
tained at about 150 Ib. per sq. in. which, in 
relation to the top pressure, can be considered 
as negligible. The supply is maintained by a 
small variable-delivery pump driven by a direct- 
current motor: a spring-loaded relief valve 
limits the maximum pressure, an accumulator 
minimises the pressure fluctuations, an edge- 
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type paper-pack _ filter 
ensures cleanliness— 
which is vitally important 
—and a needle valve 
provides in the flow to the 
high-pressure system an 
adjustable restriction, the 
purpose of which is ex- 
plained later. The pres- 
sure is measured before 
this restriction by a 
gauge, and after it by a 
second gauge fitted with 
adjustable electrical con- 
tacts on each side of the 
indicating hand. 

Any failure in the 
make-up oil supply 
causes the contact below 
the indicating hand on 
the pressure gauge to 
close: this energises a 
relay which short circuits 
the hold-on coil in the 
starter on the motor 
driving the machine. 
This arrangement also 
ensures that the machine 
stops either when a test 
specimen fails or when 
any excessive leakage oc- 
curs in the high-pressure 
system; the needle-valve 
restrictor mentioned 
above is set so. that 
the drop in pressure is 
sufficient to close the 
contacts on the gauge. 
Similarly, the contacts 
above the — indicating 
hand shut down the 
machine if the relief valve 


Fig. 4 General y 


sticks or if the non-return valve to the high- 
pressure system fails to seat perfectly. 


Since the very 
difficulties were 
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Fig. 2 Cross-section of testing machine and of the high-pressure 
system used for examining fatigue phenomema under complex stress. 


considerable 
overcome 


development 
the machine has 






Main Block 


Spray Lubrication 


v 








\N 3 Layshaft 


__§Y 
Zia dy _| 





iew of testing machine and control panel. 


completed some 270 million cycles at pressures 
varying from 6 to 20 tons per sq. in. without any 
major trouble, and throughout the whole of this 
period the same main gland has been used. 
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It is now beginning to show slight leakage, but 
is still serviceable. The normal speed of running 
is about 750 cycles per minute. 

As already mentioned, all the tests to be dis- 


cussed have been carried out on one steel. 
Tape I 
Element Min Max. 
Per cent Per cent 
Carbon 0-29 0-30 
Silicon 0-14 0-17 
Manganese 0-64 0-69 
Sulphur 0-015 
Phosphorus 0-013 
Nickel 2-53 2-58 
Chromium 0-57 0-60 
Molybdenum 0-57 0-60 
Taste Il) Average results of static and fatigue tests. 


Static tensile properties (longitudinal 
and transverse) 
Upper yield stress 
Lower yield stress 
Nominal ultimate stress 
Reduction of area J longitudinal 
| transverse 
Static shear properties (longitudinal 
and transverse) 
Lower yield stress 
Ultimate stress 
Endurance limits in tension and com- 
pression 
Longitudinal 
Reversed stress (bending or direct) 
With tensile mean stress 7 to 
sq. in 


SO tons per sq. in 
48 tons per sq. in 
56 tons per sq. in 
71 per cent 
48 per cent 


26-5 tons per sq. in 
37-5 tons per sq. in 


30-5 tons per sq. in 

47 tons per 

(above this superior stress 
vielding occurs) 

With compressive mean stress 43-Sto 


sq. in 


23 tons per 


Transverse 
Reversed stress (bending) 
Endurance limits in shear stress (any 
orientation of specimen) 
Solid specimens 
Reversed stress 
Reversed stress in oil bath 


26 tons per sq. in 


19-5 tons per sq. in 
17-5 tons per sq. in 


Reversed stress in oi! at 20 tons 17 tons per sq. in. 
per sq. in 
Thin tubular specimens 
Reversed stress 18-4 tons per sq. in 
Repeated stress 0 to 31 tons per sq. in 
Solid specimens, rubber covered 


with fluid pressure 
Reversed stress 
and if the thick cylinder tests are ac- 
cepted at their face value: endur- 
ance limit in repeated shear stress in 
the presence of triaxial tension of 
from 2-1 tons per sq. in. to 13 tons 
per sq. in ee 


25 tons per sq. in 


Oto 18-4 tons per sq. in 
For the effect of final honing or rubber protection on the 
fatigue limit, see Figs 9 and 10 
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Fig. 7 Maximum hoop tension against cycles to failure. 


Fig. 5 (left) Variation of 20 
V.P. numbers over 
three cross-sections in 19 
one bar. 
18} 
17 


Fig. 6 (right) Repeated 


pressure tests on five +16 
cylinders. Changes in the ‘f 
outside diameters of the z 15} 
cylinders changes the 2 

> 14} 


ratio (K) of the induced 
triaxial tension to the 
shear stress. 


Several analyses have 
been made and the limits 
obtained are shown in 
Table I. 

The material was de- 
livered in the form of 
150 bars, 13} in. long by 
24 in. in diameter, num- . 
bered at random, each 
bar being individually 6 
oil quenched from 850 
deg. C. and tempered for 5 i 
14 hours at 660 deg. C. 10* = 2 4 

All the ancillary test 
pieces were cut from the 
bar stock in such a manner as to be as nearly as 
possible from the same part of the bar as the 
bore of the cylinder. The fatigue specimens, 
except the test cylinders, were finished by rubbing 
down with successive grades of emery paper, 
ending with 000. The cylinders were honed to a 
surface finish of the order | to 4 micro-inches, 
the greatest care being taken to avoid any visible 
scratches. All the specimens, fatigue and static 
alike, with the exception of a few cylinders to 
which special attention will be drawn, have been 
given a final stress-relieving heat treatment for 
one hour at 600 deg. C. in a high-vacuum furnace. 


Maximum Cyclic Pressure, 
‘a 
He 


(i226) 


RESULTS 
In an attempt to obtain the fullest possible 
information about the material used, many more 
tests have been carried out than can be detailed 
in a relatively brief article. The types of test 


will therefore be mentioned, and in Table II 
will be given average results obtained from 
each type of test. Further information is 
given in the original papers. 

The static tests have included numerous 
hardness, tensile and torsion tests. In both 


torsion and tension, large and small specimens 
have been tested, the small specimens being 
designed so that they could be cut from the 
longitudinal, transverse and oblique (45 deg.) 
directions in the original bar. Specimens have 
been cut from several bars and from a series of 
cylinders after test. Fig. 5 indicates clearly in 
an extreme case the variation in hardness along 
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a bar and quite typically the variation over the 
cross-section. In tension every single test gave 
an upper yield stress which exceeded the lower; 
in the torsion tests on solid specimens the upper 
yield stress cannot be determined, but the lower 
yield stress can be derived with remarkable 
consistency by using the Nadai construction. 

In fatigue, specimens have been tested under 
direct (tensile and compressive) stresses, with 
zero mean stress and with both tensile and com- 
pressive mean stress: the addition of mean 
stress has a relatively small effect.** Tests have 
been carried out in reversed bending on a few 
longitudinal specimens 0-357 in. diameter and on 
longitudinal and transverse specimens 0-22 in. 
diameter. Though the smaller specimen has no 
parallel gauge length no size effect is apparent. 
From the tests carried out the fatigue ratio 
(semi-range of safe reversed  stress/nominal 
ultimate stress) is within the limits 0-54 to 0-57. 
The transverse specimens taken from a similar 
radius in the bar give a fatigue limit of 89 per cent. 
of the corresponding longitudinal specimens; a 
batch of transverse specimens passing through 
the centre gave a comparable figure of 79 per cent. 

Fatigue tests have been carried out on longi- 
tudinal, transverse and oblique (45 deg.) speci- 
mens 0-22 in. diameter in reversed torsion, and 
a small but perhaps significant difference in the 
fatigue limits was observed.4 Solid transverse 
specimens have been subjected to a mean stress 
of 6 tons per sq. in., which was the maximum 


* A bibliography is given at the end of the article. 
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Maximum shear stress against cyeles to failure. 
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permissible without yielding being caused, and 
no change in the range of stress at the endurance 
limit was found. 

In addition thin tubular specimens having 
a ratio of wall thickness to radius of 0-08 have 
been tested in reversed torsion and with several 
values of mean torque. The value of the 
fatigue limit in reversed stress is, for reasons 
which seem understandable, about 8 per cent. 
lower than that obtained from solid specimens. 
The addition of a small mean stress lowers this 
value only slightly, and even when the mean 
stress is of such a magnitude as to cause very 
considerable initial plastic flow and give a 
condition of repeated stress, the semi-range is 
reduced by only about 16 per cent. 

Fatigue tests have been carried out on solid 
transverse specimens identical with those des- 
cribed in the preceding paragraph subjected to 
reversed torsion while surrounded by oil, and 
under a constant pressure of 20 tons per sq. in.® 
The mortal range is completely unaffected, but 
in the latter instance no true fatigue limit has yet 
been found, though one may exist at a very large 
number of cycles. 

Idential specimens covered with a thin film 
of rubber and surrounded by oil at 20 tons per 
sq. in. have given an apparent fatigue limit in 
reversed stress 32 per cent. higher than those 
tested under atmospheric pressure. This value is 
slightly lower than the static yield stress in shear, 
but there can be little doubt that considerable 
cyclic plastic flow is taking place, and the true 
stress may be less than the apparent stress. 

In Fig. 6 the results from cylinders with 
different values of K are presented, the upper 
limit of repeated pressure being plotted against 
the logarithm of the number of cycles to failure. 
It will be seen that each test series is reasonably 
self-consistent and that the scatter in relation to 
other fatigue tests is not unduly large. These 
results have been collated in one diagram, 
Fig. 7, in which the maximum hoop stress at 
the bore is plotted against the number of cycles 
to failure, and in another diagram, Fig. 8, in 
which the maximum shear stress at the bore is 
plotted as ordinate. 

Originally by mistake, and later deliberately, 
a few cylinders have been re-honed after final 
heat treatment. Though the amount of material 
removed is extremely small (of the order 
0-0001 in.), this honing has a remarkable strength- 
ening effect as can be seen from Figs. 9 and 10 
in which results for cylinders with K equal to 
1-8 and 1-4 are displayed. 

Following the discovery of the astonishing 
effect of a thin film of rubber on a specimen 
subjected to torsional fatigue under constant 
fluid pressure, an attempt was made to protect 
the bore of some of the thinner cylinders. Many 
types of protective films were stripped by the 
repeated pressure, but a thin adherent film of 
rubber deposited from rubber solution remained 
in position and its effect is shown in Fig. 10. 


It appears to be not 
dissimilar from that of 18: 
the final honing. 

Every failure which 
has occurred consists of 
a longitudinal — radial 
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which have been cut up 
show that this crack 
started at the bore and 
spread normally to the hoop stress, maintaining 
a roughly semi-circular form, as may be seen 
in Fig. 11. More often than not, in cylinders 
which have failed, one or more additional cracks 
can be found which have not penetrated the 
material. The cracks may be contrasted with 
failures under static pressure, in which, normally, 
at least the bore layers show a spiral failure 
along the planes of maximum shear stress.° 
DISCUSSION OF RESULTS 

In the first place, comparison between Figs. 7 
and 8& gives a fairly clear indication that the 
maximum shear stress (or the Maxwell criterion, 
which in this instance is identical) is a_ better 
approximation to the criterion of fatigue failure 
of thick cylinders than the maximum hoop stress. 
In fact, if these results are considered in isolation 
it is legitimate to suggest that failure in this 
material occurs under a repeated shear stress of 
0 to 18-4 (+ 0-6) tons per sq. in. and this value 
is tentatively offered as a guide to the design of 
such cylinders. 

That such a conclusion is altogether inadequate 
as a guide to the complete criterion of fatigue 
failure of the material gua material is obvious 
when the results of the torsion tests are con- 
sidered. The range of reversed shear stress 
required to cause failure is here roughly double 
that in the cylinders and the range of repeated 
shear stress is 0 to 31 tons per sq. in. This 
demonstrates clearly that the presence of the 
fluid, or the pressure of the fluid, or the additional 
stresses caused by the pressure of the fluid, has 
a profound effect on the behaviour of the material 
It at first appeared probable that it might be 


Fig. 11 Longitudinal 
cross-section of crack 
clearly demonstrating 


the semi-circular form 





of the fracture. 
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merely the coexistent volumetric tension which 
was affecting so seriously the strength of the 
material, but the magnitude of this volumetric 
tension has now been varied over the range 
2-1 to 13 tons per sq. in. and this variation seems 
to have little or no influence on the critical shear 
stress. This simple hypothesis therefore becomes 
almost impossible to sustain. That the mere 
contact of the fluid cannot be wholly responsible 
for the diminution in strength ts indicated by 
the torsion tests carried out in a bath of similar 
fluid. It is true that the effect of such a bath is 
to reduce the strength, apparently by a relatively 
small percentage, but the character of the 
modification is quite different since the S-N 
curve in the mortal range is unaffected and only 
the fatigue limit is reduced. Increasing the 
pressure of this fluid bath to a value greater 
than that applied internally to the cylinders 
leaves the mortal range still unaffected, but a 
fatigue limit has not yet been found. The most 
plausible explanation at the moment appears to 
be that the internal pressure in the cylinders 
may have three effects, one due to its presence on 
the surface having a very mildly “ corrosive ” 
effect (though even under the microscope no 
trace of this can be found), one that the fluid 
may tend to penetrate the material, and one 
that the volumetric tension caused by the 
pressure may have a weakening effect. The first 
of these might be expected to be relatively 
independent of the pressure, the second would 
clearly tend to become more important as the 
pressure increased, and the third would tend te 
become /ess important as the pressure increased, 
since for a given shear stress, as the “* K ” value 
for the cylinder rises, the volumetric tensile 
stress component decreases. 

The extraordinary effect of a thin rubber film 
separating the torsion fatigue specimen from the 
high-pressure bath adds greatly to the plausibility 
of these suggestions. On the not unreasonable 
assumption that such a film only allows the 
intrinsic strength of the material to be developed 
because it protects the surface from the. fluid, 
these tests indicate clearly that the effect of adding 
volumetric compressive stresses is tu increase 
markedly the resistance of the material io reversed 
shear stress, the nominal value tentatively 
measured being 25 tons per sq. in. These 
experiments then confirm the hypotiieses that 
contacting fluid is harmful and that volumetric 
compressive stress has a strengthening effect, 
which makes it reasonable to suppose that volu- 








432 
metric tensile stress will have a weakening 
effect 

Many more results are required before the 


effect of lining a thick cylinder with rubber can 
be unambiguously stated but even the preliminary 
experiments described show that the results are 
qualitatively in accordance with the suggestions 
which have been made. Since the rubber does 
not affect the volumetric stress, it is clear that the 
improvement must be due either to prevention of 
corrosion or to the prevention of penetration. 

That honing after final heat treatment should 
give an improvement in fatigue strength similar 
to that obtained from a rubber film calls for 
explanation after further experiment. In the 
meantime it may be tentatively suggested that 
honing produces a surface film which either has a 
high compressive stress or consists of a ** smeared” 
layer which ts impervious to oil or less liable to 
corrosive attack. If either of the latter explena- 
tions be correct, then a subsequent heat treatment 
at 600 deg. C. must be capable of * recrystallising™ 
the layer. If the first explanation be correct, 
then it 1s understandable that such a heat treat- 
ment should destroy the strengthening effect 
Compressive stress, even in a very thin layer, 
might be beneficial in requiring failure to occur 
below the surface: its effect might however be an 
indirect one in that it might reduce the degree to 
which the high pressure fluid could penetrate the 
surface 

The authors are very keenly aware of the fact 
that this discussion is inadequate and that the 
explanations advanced in the original papers 
and here may be found to be incorrect, but they 
feel that the first step towards obtaining satis- 
factory explanations must be production of more 
experimental data. These they are endeavouring 
to obtain but it might be noted that the very 
fact that some of the treatments mentioned have a 
marked strengthening effect increases consider- 
ably the experimental difficulties, since the 
presures required to cause failure in these treated 
cylinders are tending to rise well above that for 
which their machines were designed 
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CUSHIONED POWER 
CYLINDERS 


For fitting to their range of pneumatic and 
hydraulic power cylinders, the Fluid Power 
division of the Baldwin Instrument Company, 
Limited, Brooklands Works, Dartford, Kent. 
have produced a set of “super cushions ” 
designed to decelerate the piston rod and its 
associated load at the end of the stroke, and 
thereby to obviate mechanical shock. The effect 
is produced by closing the exhaust port at a 
point before the piston reaches the end of its 
stroke, so trapping a certain volume of fluid 
which is allowed to escape slowly through an 
adjustable orifice. The amount of fluid trapped 
and the adjustment of the orifice control the 
degree of cushioning employed 
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AUTOMATIC RECORDING OF 
WORKS PERFORMANCE 


Accurate costing and efficient production plan- 
ning both demand an exact knowledge of 
machine performance. Machinery of all types. 
especially heavy plant and machine tools, 
represents a substantial capital investment, the 
amortisation of which is directly related to the 
rate of its employment. Exact information on 
working time, idle time and the reason for 
stoppages is therefore of considerable economic 
importance in encouraging the maximum _ use 
of a plant and in fostering higher production. 
Some of these essential data can be obtained 
by automatic pens recording on moving charts, 
either of the roll or the circular type. The 
analysis of these charts, however, Is a most time- 
consuming task and often the full value of the 
records concerned is not properly exploited. 

A performance recorder, designed by the 
Plant Engineering Division of the British Iron 
and Steel Research Association, 11 Park-lane. 
London, W.1, is a development of considerable 
importance. Relatively simple in operation and 
rapid in analysis, it applies the automation 
principle to operational recording, thereby 
saving valuable time and man-power and 
providing the management of a concern with a 
flow of highly relevant data. The BISRA 
engineers responsible for the design and con- 
struction of the performance recorder emphasise 
that their methods can be usefully applied to 
practically any other types of plant in which 
several interdependent events or processes are 
controlled by hand and where it is desired to 
increase production. This is especially the case 
where the same machines are used for manufac- 
turing a variety of products and where large 
numbers of different orders are dealt with in 


the course of a year. 
The performance recorder is based on a 
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punched-tape recording system originally devel- 
oped in connection with a study of the long 
motions of electric overhead travelling 
cranes in steelworks. A specimen of a_per- 
forated tape record is shown in Fig. |. A 
perforator is mounted on the crane gantry and 
the record it makes on paper tape shows the 
distance the crane travels in each long travel 
movement, and how the motors have been 
employed. In normal operation the various 
characters, comprising letters or figures, of 
which a message is composed, are each repre- 
sented by one or more holes punched in any 
of five positions or * tracks ~ across the width 
of the tape. Successive characters are punched 
one after the other along the tape and a sprocket 
engages in the feed holes and draws the tape 
through the machine. The equipment is designed 
to work at a speed of 7 characters a second but 
for certain purposes it can be operated at about 
15 characters a second. 

The perforator is electrically operated by 
impulses from the equipment under test. The 
holes which it punches in the tape represent, not 
letters and words, but numerical data or sequences 
of operations. 

Further experience of the system has been 
obtained in a study of steelworks rolling mills, 
in which an analysis of the time involved in 
various manipulations of the ingot or billet 
can improve both production practice and plant 
design. Taking for example a strip rolling 
mill. Three operating conditions are recorded, 


travel 


Fig. 2 (right) Push-button station for recording the 
code number of each order and other data on the 
paper tape of the performance recorder. 


namely, running time (strip being rolled); 
idle time (mill stationary during production 
owing to the threading of new coils or the 


changing of the screw-down or guide settings): 
and stoppage time (the mill is out of production 
owing to roll changing, the failure of the plant 
or the absence of the operator). 

Each order rolled by the mills is designated 
by an order number, against which running and 
idle time are allocated. The performance 
recorder has two * accumulators,” one recording 
running time and the other idle time. A clock 
incorporated in the equipment is arranged to 
provide electrical pulses at intervals of 3-6 
seconds (one thousandth of an hour). These 
pulses are automatically sent either to the idle- 
time accumulator or to the running-time accu- 
mulator according to the position of a relay on 
the rolling mill. 

The operator has under his control a set of 
push-buttons for the purpose of recording on 
the tape the code number of each order or the 
stoppage code number. A push-button station 
is seen in Fig. 2. He has an “ incident 
button.” and when this is pressed the data 
stored in the accumulators and on the push- 
punched ‘n the tape and each 
and push-button station is reset 


also 


buttons are 
accumulator 
to zero. 

The sequence of events during the rolling of 
an order on the steel-strip mill is as follows. 
At the end of the previous order the operator 
will have pressed the incident button, thus 
‘emptying ~ the previous contents of the accu- 
mulators on to the tape. Idle time will then 
have begun to accumulate in the idle-time 
accumulator. When the new order is received, 
the operator sets up the order number on the 
code push-buttons and, as soon as rolling begins, 


Fig. 1 


perforated-tape record. 


Specimen of 
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the time pulses are switched automatically from 
the idle-time accumulator to the running-time 
accumulator. When one complete coil of steel 
strip has been rolled, the mill is stopped while 
the next coil is threaded. During this period 
the clock pulses are automatically switched back 
to the idle-time accumulator. When the mill 
starts rolling again the time pulses are added to 
those already stored in the running-time accumu- 
lator and the sequence is repeated for each coil 
until the order is completed. 

The data on the tapes can be transcribed on 
to punched cards either automatically, by means 
of a tape-to-card converter, or manually. The 
analysis can then be performed by punched-card 
equipment. Alternatively, the data on the tape 
can be printed out by a standard teleprint page 
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Fig. 3 Performance recorder showing ‘* accum- 
ulators,”"” one recording idle time and the other 
running time, and the ‘* queueing *’ device. 


printer. If an electronic digital computer is 
available, the fullest analysis of the data and a 
detailed printed record can be obtained readily. 

The performance recorder is now being manu- 
factured commercially by the Digital Engineering 
Company, Limited, 136 Battersea Park-road, 
London, S.W.11. Commissioned by a leading 
steelworks in South Wales, a standard produc- 
tion unit has been built for recording the opera- 
tion of no fewer than 1&8 machines and incor- 
porates a number of additional features. The 
apparatus is seen in Fig. 3. It has a ** queueing 
device ~ which makes it possible to record the 
operation of up to 25 machines with a single 
tape perforator. If the incident buttons of more 
then one of the machines are pressed simultane- 
ously, the queueing device causes the recorders 
concerned to read out in sequence. Another 
feature of the installation is a time switch which 
causes all the accumulated totals to be read out 
at the end of each shift leaving the setting of the 
order number or fault number undisturbed. 
The time switch also automatically changes the 
shift number included in the recorded data. 

Both a card punch and a tape punch are 
employed for reading out the results. These are 
in a room adjacent to the accountants’ office and 
are connected electrically to the performance 
recorders and queueing device which are in the 
production department. A logical extension of 
the system would be the transmission of data 
from a group of outlying factories to a master 
computer at the head office, perhaps miles away. 
As already emphasised at the beginning of this 
article, not only the iron and steel industry but 
many sections of British industry can benefit by 
the application of this interesting development. 

We understand that a single performance 
recorder, for use with perforated tape only, can 
be installed for a few hundred pounds, and that 
multiple equipment shows a substantial saving 
per machine. 
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SPACE HEATING THROUGH THE FLOOR 


One of the more recent techniques employed for 
heating buildings, is that known as floor heating. 
The heating element can be either electric con- 
ductors or hot-water pipes embedded in the 
floor slab. The electrical system has certain 
advantages in that it can be used at off-peak 
times, and thereby improves the load factor of 
generating plant so that favourable tariffs are 
in force. A paper, which goes into the detail of 
floor heating in general, was presented by Mr. 
E. Danter, of the Building Research Station, 
Watford, to the Institution of Heating and 
Ventilating Engineers, on March 13. In the 
paper Mr. Danter discusses the inter-action of 
the various parts of a room as they affect the 
heating requirements. 

With floor heating a somewhat lower design 
air temperature can be taken as, in common with 
all radiation systems, a greater sensation of 
warmth is given. Full calculations are made for 
the different losses that are involved, whether 
conduction or convection, and the conclusion is 
reached that heat losses for a given equivalent 
temperature are about five per cent. lower with 
floor heating than with convection heating. 


QUICK-RELEASE COUPLING 


During refuelling at sea operations, ships of the 
NATO Navies use a_ standardised coupling 
between the supplying ships and the receiving 
ships. The present standard coupling comprises 
a cast-iron spool supplied with swing-bolt 
flanges. When rapid disengagement of the hose 
(e.g., in emergency) is called for, the cast-iron 
spool is shattered by a hammer blow. This 
method of quick release has the disadvantage 
that fuel in large quantities may be spilt 

To overcome this, at the request of the 
Admiralty, Flight Refuelling Limited, Tarrant 
Rushton Airfield, Dorset, have developed a 
new type of quick-release coupling, based on 
experience already gained in the refuelling of 
aircraft in flight, for which purpose a leakproof 
coupling which allows the receiver aircraft to 
break away whenever desired, with the maximum 
safety, has long been in use. 

The new coupling shown in the accompanying 
photographs is mounted in place of the original 
elbow coupling on the ship’s deck. The coupling 
is controlled by a three-position lever mechanism 
The first position, when the lever is moved 
forward (i.e., towards the coupling throat), 
releases the hose nozzle. The mid-position of 
the lever allows easy entry for the hose nozzle 


This is said to apply if the ventilation rate takes 
a typical design value of 20 cub. ft. per hour per 
sq. ft. of floor area. The seasonal average ven- 
tilation rate, however, might be appreciably less 
than this in which case the difference would 
largely disappear. 

Mr. Danter goes on to consider the cases of 
heat losses from ground floors and from inter- 
mediate floors in which latter case, of course, 
the rooms are doubly heated both from floor 
and ceiling. A panel rating forms the next con- 
sideration of the paper. Seasonal requirements 
have to be taken tnto account here, as well 
as off-peak operation. Where the requirements 
are intermittent, a hot-water panel should have a 
rapid response, and thermal capacity is to be 
avoided. In this case Mr. Danter recommends 
the use of light-weight materials for the insulation 
of the panel from the thermal capacity below. 
With off-peak operation, however, thermal 
capacity is necessary to carry the system over 
the periods when power is not available. The 
author then concludes by considering different 
floor materials and their responses, and also the 
effects of a steady on/off daily cycle. 


FOR REFUELLING AT SEA 


and the rear position of the lever positively 
locks the nozzle in position. Because the nozzle 
is gripped in the coupling by three spring- 
loaded toggle arms, the nozzle is only positively 
locked up to a loading of 2 tons and if this 
loading is exceeded by the ships’ drifting apart, 
the nozzle is automatically released from the 
coupling and damage to fittings is completely 
eliminated. The nozzle incorporates a spring- 
loaded valve and an annular groove on the 
periphery of the nozzle body. The rollers of the 
three toggle arms in the coupling roll along the 
nozzle body and finally drop in the annular 
groove. When the coupling lever is operated to 
the rear position, the valve in the nozzle ts 
also opened, but this valve is open only when 
the lever is in the positively locked position 
If the nozzle is pulled out of the reception 
coupling when the lever is in the fully-locked 
position, the nozzle valve closes instantaneously 
on release and spillage of any fluid is prevented 

Both the nozzle and coupling have Unified 
threads throughout and are for use with the 
normal type of hose as used at sea The 
materials from which the coupling is made have 
been chosen to resist attack of the fluids handled 
and sea air and water. 





In the quick-release fuelling coupling, the hose nozzle is gripped in the coupling by moving the 


lever to the mid-position where it is caught by three spring-loaded toggles. 
engage with the annular groove on the hose nozzle. 
rear, locking the coupling, a valve in the nozzle is opened to pass fuel. 


The rollers on the toggles 
When the coupling lever is moved fully to the 
Should the nozzle be pulled 


out by overload, the nozzle valve closes instantaneously. 
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Book Reviews 


THE PRICE OF ADVANCE 


Engineering Structural Failures. By ROoLT 
HAMMOND. Odhams Press Limited, 96 Long 
Acre, London, W.C.2.  (25s.) 

It is probably the experience of many engineers 
that they learn more from the failure of one 
job than they do from a number of successes. 
Many eminent men, in the past, have paid 
tribute to the value of the frank reporting of 
engineering failures. Now, for probably the 
first time, we have a book devoted to the subject, 
and Mr. Hammond is to be commended for his 
idea of collecting together much information 
previously spread over a number of reports and 
journals, 

To-day, we appear to have fewer engineering 
failures than occurred during the periods of the 
expansion of the railways and canals. This 
may be attributable to an increasing knowledge 
by the engineer of the materials with which he 
constructs, though, in certain fields, particularly 
road and bridge building, it might be due to the 
almost complete lack of works of any magnitude 
during the last 20 years. 

Associated with the question of the failure 
of engineering projects is that of design and the 
responsibility of the engineer. Many eminent 
and qualified engineers have had the experience 
of having designed a project and of having then 
to submit it to equally qualified engineers for 
them to ensure that the structure conforms with 
some regulation or by-law. In some cases, the 
regulations, which lay down the standard by 
which the project is to be judged, may themselves 
be out of date: in other cases. the second check 
may be merely perfunctory. It could be argued 
that, since failures do occur, it is necessary to 
have designs checked and re-checked. However, 
if the mere checking of a design ensured that 
a failure did not occur then it is likely that 
Mr. Hammond would not have had much 
material upon which to base his book. One of 
the important points that the book brings out 
is that failures can occur even after considerable 
time and study and laboratory testing have been 
carried Out on a project. 

There may be two purposes in writing such 
a book as this: to provide the engineer with 
information on matters of interest outside his 
normal sphere of activity or to draw, for the 
expert, careful and considered conclusions 
from a full examination of all the available 
evidence, so that advances may be made in the 
methods of design and construction employed 
or a realisation of the lack of knowledge stressed. 
The book falls into the first category, for all 
the various cases cited are of great interest but 
they are not all of value in drawing any useful 
conclusions. 

On glancing through his book one may feel 
that Mr. Hammond has not kept too closely 
to the title, having deviated to describe recent 
works, investigations and research, but research 
and development have always been closely linked 
with * failures,” so that, to some extent, the book 
reflects advances which have been made—the 
more recent mishaps being in those subjects 
which have made the greatest advances. The 
book is interesting, well produced and illustrated 
with many diagrams and photographs, but the 
discussion of a wide variety of structural 
problems can have its drawbacks: it is difficult 
to know what matters to include and what to 
exclude. 

The book is divided into nine chapters, the 
subjects covered being earth structures, including 
tunnels, buildings and bridges, and water 
retaining and maritime works, with a chapter on 
vibration problems and one on welded structures. 
The first chapter is devoted to earthworks and 
soil mechanics, a subject in which some of 
the greatest advances have been made. Mr. 
Hammond rightly points out that one of the 
steps forward was the First International Con- 
ference at Harvard in 1936. In this chapter 
attention is drawn to the modern methods of 


analysis and design now used, which have been 
improved and modified as a result of the work 
carried out since 1936. It is, however, dis- 
appointing to note the absence of any discussion, 
either in this chapter or in the one dealing with 
maritime structures, of the lessons learned from 
the catastrophic failures of earth banks and sea 
defences during the January/February floods in 
1953. Much information is contained in the 
proceedings of the conference held at the 
Institution of Civil Engineers to discuss these 
failures. 

Failures of maritime structures are always 
interesting, and one such failure to which 
attention could have been drawn was the failure 
of part of the dock wall of the East India Import 
Dock in 1944. This failure clearly illustrated 
the effect of water pressure behind a retaining 
wall; as a wet dock, the wall was stable but when 
it was necessary to de-water the dock, to enable 
construction to be carried out of some of the 
pontoons necessary for the mulberry harbour, 
part of the wall slipped forward and the quay 
subsided. 

In the field of reinforced concrete, many 
engineers may feel gratified that Mr. Hammond's 
book does not contain examples of any recent 
failures of reinforced concrete in this country: 
on the hypothesis of correlation between 
advancements and failures it may be that this 
is due to the lack of development of reinforced 
concrete. One of the most interesting ‘* failures ~ 
of reinforced concrete in recent years which 
could with advantage have been mentioned by 
Mr. Hammond was that produced by the tests 
to destruction carried out on the Old Dental 
Hospital of the University of the Witwatersrand 
and reported to the conference on the correlation 
of stresses and displacements in structures held 
at the Institution of Civil Engineers in 1955. 
The building, finished in 1942, yielded some 
important results which showed that ‘ The 
imperfections inevitable in a practical structure 
appeared to have little effect on ultimate strength, 
which always exceeded that predicted by con- 
ventional design methods. The plastic theories 
also underestimated the ultimate strength. . . .” 

As regards framed buildings, all the examples 
quoted are from failures in the United States, 
and it would have been useful to have given 
some of the information obtained during the 
war when framed buildings in this country 
collapsed under—or withstood—bomb damage, 
and summarised by Professor J. F. Baker and 
others in the Institution’s Civil Engineer at War 
(vol. 3). It was apparent to anyone inspecting 
damage to framed buildings that such buildings 
had considerable resistance to bomb damage, the 
important fact being that the building acted as 
a whole. It was found that where the building 
contained reinforced-concrete floors, filler joists, 
or pot floors, which could tie the beams together, 
and where the panel infilling consisted of brick 
walls to resist the racking force, the maximum 
resistance to destruction was generated. 

Bridge engineering has provided some of the 
most spectacular failures and most engineers 
are to some extent familiar with at least three of 
the examples quoted by Mr. Hammond, namely 
the Tay Bridge, Quebec Bridge and Tacoma 
Narrows Bridge. As a result of the failure of 
this last-mentioned bridge by torsional oscilla- 
tion, caused by wind load, much research has 
been carried out both in this country and in the 
United States on the aerodynamic stability of 
bridges. All this is clearly described by Mr. 
Hammond. Another form of structural mishap 
well described and illustrated is that which 
occurred with the Comet airliners in 1954. The 
interesting full-scale tests carried out by the 
Royal Aircraft Establishment are also described. 

Perhaps the worst catastrophies have occurred 
with the failure of large water-retaining structures. 
Most of the failures occurred at the end of the 
Nineteenth Century and the beginning of this 
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century, and, although we have had our share in 
this country, we have had nothing to compare 
with the failure, mentioned in the book, of 
three dams in one day which occurred in the 
United States on December 28, 1902. The 
collapse of water-retaining structures is one of 
the cases where engineering failures have led to 
direct legislative action, in this case in the passing 
of the Reservoir (Safety Precautions) Act, 1930; 
the Act was designed to prevent the occurrence 
of failures by establishing a panel of engineers 
qualified to make inspections and reports on 
reservoirs capable of holding more than 5 million 
gallons of water. 

~ Turning now to welded structures, as discussed 
in the book, the failures and defects of a number 
of all-welded ships built during the war has 
focussed a certain amount of attention on the 
problems raised by welding. It is of interest to 
note that, although few all-welded ships were 
built before the war, nearly 5,000 ships were 
built during the war in the United States, most 
in entirely new shipyards and the majority being 
practically all-welded. Experience of these ships 
in service, some of it most alarming, has had 
a marked influence on present design and 
methods of construction. Most of the failures 
could not be explained until the importance of 
notch brittleness in mild steel was realised. This 
led to extensive research and to modification of 
design, some of which are discussed by Mr. 
Hammond. 

In conclusion, it is considered that most 
engineers will have something to learn from 
Mr. Hammond’s book and it can be recom- 
mended as interesting reading even if it cannot 
be considered as the definitive edition of a book 
on the analysis of structural] failures. 
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ELEGANT ANALYSIS 


A Mathematical Tool-Kit for Engineers. By 
H. A. Wess and D. G. ASHWELL. Longmans, 
Green and Company, Limited, 6 and 7 Clifford- 
street, London, W.1. (10s.) 


This book originated in a set of notes prepared 
by Mr. Webb for the use of students coached by 
him for the Mechanical Sciences Tripos at 
Cambridge. The initiative in selecting, editing 
and expanding this material, and making it avail- 
able in a more permanent and generally accessible 
form, is due to Dr. Ashwell. To the engineer 
mathematics is a tool enabling him to obtain 
directly applicable results as expeditiously as 
possible, rather than an object of study per se. 
Sometimes he needs a particular formula, the 
expansion of some standard function in the form 
of a series, or the sum of a finite or infinite series, 
in which case he will advantageously consult 
some such source as the Smithsonian Mathe- 
matical Formulae. Sould he require an in- 
definite or a definite integral he will probably 
turn to the collections of Peirce, Dwight or 
de Haan. In any case, he ought to know how 
the results quoted have been arrived at so that 
he can, in case of doubt, check them indepen- 
dently and, as gaps exist even in the most com- 
prehensive collections of formulae, he is often 
faced with the necessity of working out a mathe- 
matical problem ah initio. In doing so, much 
time and labour can be saved by recourse to 
methods designed to avoid an excessive indul- 
gence in algebra. Such methods are characteris- 
tic of the Cambridge mathematical tradition, 
which has always been on the side of elegance 
and subtlety of attack as opposed to heavy 
handed brute force operations of assault and 
battery. As might be anticipated, this line of 
approach is well exemplified in the present 
volume and it is of inestimable benefit to the 
student in training him to tackle a mathematical 
problem with the maximum economy of effort. 
This is one reason why it has been possible to 
compress so much material into so small a space. 
Another reason is that developments, indis- 
pensable to the mathematician but irrelevant to 





Rr 





ns rR 


Tr PRY, 





ENGINEERING April 5, 1957 


the engineer (who, in practice, very seldom 
encounters functions with pathological pro- 
pensities), have been excluded. 

Standard methods of solving the simpler types 
of ordinary linear differential equations are 
outlined first and some of the uses of the operator 
D are considered next. Included among them 
are the finding of particular integrals, the integra- 
tion of functions, some neat applications to the 
summation of series and the handling of certain 
types of partial differential equations, such as 
the diffusion equation (here termed the * soak- 
age * equation). Among methods of evaluating 
integrals, dealt with in Chapter 3, are those 
appropriate to definite integrals that can be 
found even though the corresponding indefinite 
integrals cannot be evaluated, to double integrals, 
and to Beta and Gamma functions. Chapter 4 
is devoted to the important topic of Fourier 
series with applications to the solution of partial 
differential equations, together with useful hints 
on the conditions under which such a series 
converges. Contour integration is discussed in 
the following chapter. Though often neglected 
by engineers it provides a powerful means for 
the evaluation of an integral between the limits 
zero and infinity. The process is summarised 
in five rules and, as is pointed out, * the tech- 
nique is straightforward; the steps are always 
the same and ingenuity is not needed.” Chap- 
ter 6 is concerned with the calculus of variations 
which has its basis in the theory of maxima and 
minima. A few of its numerous applications to 


SEEING IS 


A film may be regarded as the work of many 
weeks compressed into a few minutes; so that 
a well planned film, properly cut, has an 
incomparable advantage over live action as 
a medium for persuasion or explanation. 
Several films, illustrating this advantage, have 
recently been made available. 


Consultation 

People don’t like to be told of their weaknesses 
point blank. If someone remarks on the mote 
in our eye we are quick to point out the beam in 
his. A film that undertakes to show both 
workers and management that the other side 
has a legitimate point of view is sticking its 
neck out, but “ The Film that Never Was ~ 
brilliantly avoids losing its head. The approach 
is oblique but quite simple: the boss may be 
angry (magnificently) and hide-bound, and the 
workers rebellious and irresponsible, but at 
heart they're all people, and not bad people 
at that, even the boss. With consummate tact 
(* Well, you never tell me anything,” says the 
shop steward’s wife), the film refuses to point 
a moral, and by a skilful device causes the 
audience to go on thinking after the curtain. 
And what do they think ? “If those chaps 
had only got together and talked it over, they'd 
have saved a lot of trouble—ah, works 
consultation.” 


(Central Office of Information film made by World Wide 
Pictures, Limited, on behalf of the Ministry of Labour and 
National Service; black and white, 16 mm., running time 30 
minues, obtainable from the Central Film Library, Government 
Building, Bromyard-avenue, Acton, London, W.3; hire charge 
15s. Od. for first day and 3s. Od. for each additional day up to a 
week, when the initial charge recurs.) 


Automation 

There are still those who do not believe in 
automation, regarding the word as so vague 
as to be meaningless. But ** This is Automation ” 
leaves a clear picture of the distinction between 
mechanisation and automation, which it defines 
as continuous automatic production. Auto- 
mation, according to this American film, only 
became possible with the advent of electric power, 
but an automatic grist mill built in 1783 is 
given as the first example (other countries, other 
cases). It requires volume production, standard- 
isation and a product designed specifically for 
the automatic process. Among other advantages 
(increased productivity, better use of workers’ 
skill, improved quality, expanded capacity 
and reduced costs) it leads to a reduction of 





engineering are indicated, one being the deduc- 
tion of Lagrange’s equations of motion from the 
Hamilton principle of least action. The con- 
cluding chapter provides a brief introduction to 
Bessel functions of the first, second and third 
kinds, to the modified Bessel functions of the 
first and second kinds and to the related ber, 
bei, ker and kei functions. The more important 
properties of these functions are exhibited in a 
list of formulae, and a comparison between the 
notations used here and those found in Jahnke 
and Emde’s widely used * Tables of Functions ” 
will enable numerical data to be more readily 
extracted from the latter. In addition to the 
representative examples worked out in the text, 
sets of problems (with answers) are provided at 
the end of each of the chapters. 

This slim and moderately priced volume, with 
its apt and modest title, is one that every student 
of engineering should possess and study. It 
does not contain, and does not pretend to con- 
tain, all the mathematics he is likely to require, 
even at the undergraduate stage of his career, 
but he would be well advised to master all that 
it does contain for he could hardly hope to find 
a clearer or more concise presentation of the 
indispensable minimum of mathematics directly 
useful to him. Should he do so, he will be well 
equipped to proceed to such matters as Laplace 
transforms, matrices, relaxation processes and 
non-linear methods, some or all of which one 
might hope to see added to a future edition of 
this most serviceable ** tool-kit.” 


BELIEVING 


in-process inventory or idle stocks between 
manufacturing operations. Production is divided 
into five stages: making components, inspection, 
assembly, testing and packaging. The film 
appeals to “ anyone who makes anything” to 
introduce automation into one or more of these 
sections through step-by-step improvement of 
manufacturing processes. 

(Produced by Ralph and G. Wolff Studios for the General 
Electric Company, New York, U.S.A., colour, 16 mm., running 
time 30 minutes, obtainable from G.B. Film Library, Aintree- 
road, Perivale, Greenford, Middlesex.) 

Salesmanship 

The American way of life and salesmanship 
are sometimes thought to be the same thing, 
so it is to the Americans we look for the low- 
down on selling. “* Closing the Sale’ appears 
at first rather naive, making its points with a 
finger at the midriff, but after a time it becomes 
clear that there is more to sales technique than 
the gift of the gab, as anyone who has been 
approached by an encyclopaedia salesman well 
knows. Closing is bringing a deal to a sucessful 
conclusion and should be pursued right from the 
beginning of a consultation, just as a_ pole 
vaulter’s successful leap begins with his run. 

The film lists five points for selling, illustrating 
them with performances by professional sales- 
men. First, declares the film, * button the deal 
with benefits.” It is no use claiming that a 
machine or product has double-flutter vorpal 
blades unless you show the customer how they 
will save him money or ease his labour. Second, 
** lock the deal with a key issue.”” After naming 
the advantages of your product, try a few 
ranging questions to discover which advantage 
appeals to the potential customer most, and then 
concentrate on that. Third, “rivet the deal 
with visual interest.” Unless you can keep your 
client’s whole attention, he will be thinking of 
his next appointment or the golf course, when 
you make your best point. Visual aids, leaflets, 
plans, models, help to keep his mind on the job. 
Fourth, “ask for the order.” Once the victim 
has been softened up, it is time to put the 
question and not let delicacy stand in the way. 
‘*T must have time to think it over,” he says. 
“Let’s think it over together,” you reply, 
*“remember that every day you wait you are 
losing money.”’ Keep coming back at each 
evasion. Finally, * seal the deal with service.” 
When your customer complains that the 
knobs were missing when it arrived, or it was 
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three weeks late, or it broke down after five 
miles, don’t laugh in his face, saying “ you 
should see mine, it fell apart in the shop,” or 
pass the buck (** those characters at the factory 
are always letting me down”). Learn to be 
genuinely sympathetic and get things put right. 
In this way you too can be a first-class salesman. 
H’m. 


(Produced by Dartnell Corporation with Borden and Busse, 
black and white, 16 mm., running time 30 minutes, obtainable 
from G.B. Film Library.) 


Job Simplification 

The chap who knows a job best is the chap 
who does it. He is also the one most likely to 
find a simpler way in which it can be done. 
But if he can’t clearly explain his idea to those 
responsible for making the necessary decisions, 
he might as well keep quiet. “ Dollars and 
Sense ™ is a plea for instruction in the principles 
of job simplification. Using the symbols and 
diagrams of the work-study specialist, a main- 
tenance man is able to put his case effectively, 
thereby winning a bonus, saving his energy and 
helping his company. 

(Produced by the Bureau of Standards of Industrial Engimeer- 


ing of Marshall and Field, colour, 16 mm., running time 10 
minutes, obtainable trom G.B. Film Library 
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OVERSEA SERVICE 


Personnel going overseas carry with them an 
important representative responsibility, not only 
for themselves and their firms or government 
departments, but for their country and the fur- 
thering of the democratic way of life. Particularly 
in countries with growing self-consciousness, for 
example, in South and East Asia, the Middle 
East, tropical Africa, Latin America and the 
Caribbean, business representatives from the 
United Kingdom are meeting situations for 
which their highly specialised training, set within 
the peculiarly insulated social framework of this 
country, has left them largely unprepared. This 
is especially true of personal and race relation- 
ships among alien cultures. 

Oversea Service, a venture set up in 1954 
in response to the demand for training for 
responsible representation abroad, organises 
residential courses. A member of the staff of 
British Insulated Callender’s Cables, Limited, 
who attended one such course recently, reports 
that lectures and discussions were held on 
** Wider Horizons: An Introduction to Living 
Abroad,” under the headings of world forces 
economic, cultural and idealogical; the British 
heritage—asking the question of what we 
represent abroad; race and nationalism and 
personal relationships. Some 20 people were 
accommodated at Moor Park College, near 
Farnham, Surrey. The course attended was 
confined to South East Asia and was “ tailor- 
made” as far as possible to suit the particular 
destinations and occupations of the students 
accepted. 

All discussion was “ off the record,” no subject 
being barred. Factual information, through 
visual aids, books, and pamphlets was available 
in plenty. Part of each day was free and there 
was ample time for informal discussion and 
conversation. A feature of these courses, which 
are organised for all territories in the world, is the 
wealth of speakers and guests who have either 
some special knowledge of the history, adminis- 
tration, industry, race relations, or first-hand 
experience of the territory being studied. Business, 
government, the professions and the church are 
all represented, by women as well as men. 
Nationals of the countries studied were specially 
invited. 

In a world whose attitude to the Western 
nations has undergone a revolutionary change in 
the last 15 years, can we be satisfied with dis- 
patching personnel overseas without at least 
a basic grounding in the conditions and practices 
they are liable to encounter abroad ? It is in 
answer to this question that Oversea Service 1s 
making a very valuable and practical contribution. 
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TESTING 


EXTENSIONS AT 


The high-power short-circuit testing station at 
Trafford Park, Manchester, which is operated by 
the Switchgear Testing Company, Limited, for 
the British Thomson-Houston Company, Limited, 
Ferguson Pailin, Limited, and Metropolitan- 
Vickers Electrical Company, Limited, has recently 
been extended to enable it to deal with the 
increase in the short-circuit ratings of the switch- 
gear now employed on power supply systems. 
The plant commenced operation in 1934 with 
one test generator, one three-phase 132 kV bank 
of transformers and two test bays. At present it 
consists of three test generators, three 132 kV 
three-phase banks of step-up transformers, one 
three-phase step-down transformer, a chain of 
transformers for producing single phase voltages 
up to 323 kV and seven test bays. It ts being 


Tani Output of Testing Station for Various Voltage Ranges 
Voltage MVA 

0-415 to 3-3 kV, three-phase 100 300 

6 6to 22 kV, three-phase 1,000 2,800 

43 to 132 kV, three-phase 2.100 2.500 

66 to J8O KV, single-phase 1.800 3,500 (a) 


600 2.700 (h) 


Aerial view of the testing station at Trafford Park where tests on switchgear at voltages 
up to 323 kV can be carried out. 


HIGH-POWER SHORT-CIRCUIT 


STATION 
TRAFFORD PARK 


further extended so that not only will the output 
of the station be increased, but tests at three- 
phase voltages up to 275 kV will be possible. An 
aerial view of the station showing these exten- 
sions, in progress, in the foreground is given in 
Fig. | and a single-line diagram of the plant 
and connections in Fig. 2. 

The outputs of the testing station for various 
voltage ranges are set out in the accompanying 
table and refer to one cycle after the start of the 
short-circuit. They are based on symmetrical 
current. 

The outputs for single-phase testing on one 
pole of a circuit-breaker given in this table are 
expressed as equivalent three-phase megavolt- 
amperes. The megavolt-ampere values given in 
case (a) are for the condition where the recovery 
voltage is equal to the phase voltage. In case (/) 
the megavolt-ampere values are for the condition 
where the recovery voltage is 1-5 times the phase 
voltage. 

GENERATING PLANT 

The three three-phase generators at present 
installed in the testing station are identical, and 
have the same frame size as a standard 60 MVA 


Fig. 2 (left) Single-line 
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1 | | Master Breakers diagram of plant and 
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connections. 
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machine. The stator is mounted on_ springs, 
which are placed between the feet and the main 
support pedestals so that it is free to oscillate with 
a maximum angular displacement of + 0-28 deg. 
on each side of the rest position. This minimises 
the mechanical shock which is transmitted to the 
foundations by the short-circuit oscillating torque. 
The stator windings can be connected in star 
or delta for nominal voltages of Il kV and 
6-6 kV respectively. The rotor is of the two pole 
non-salient pole type. and is driven at a speed of 
3,000 r.p.m. by a 1,200 h.p. induction motor. 
A reactor of | per cent. reactance is connected in 
series with each test generator. Forced excita- 
tion of the generators is provided by a super- 
exciter consisting of a 600 h.p. motor and two 
2.000 volt direct-current generators, one on each 
side of a 10 ton flywheel. 


MASTER BREAKERS AND MAKING 
SWITCHES 

As will be clear from Fig. 2, each generator 
circuit is controlled by a low oil-content master 
These breakers. one of which 
Fig. 3, have a symmetrical 

of 90,000 amperes and an 

asymmetrical rupturing capacity of 115,000 
amperes both at 11 kV: the carrying capacity 
is 400.000 amperes peak at the same voltage. 

As will also be seen from Fig. 2, the plant is 
arranged in two sections; and the power from each 
section is controlled by a three-pole synchronous 
making switch, as illustrated in Fig.4. The moving 
contacts of these switches are enclosed in a vessel 
containing compressed air at a pressure of 
150 Ib. per sq. in., an arrangement which 
virtually eliminates pre-arcing on the contacts. 
They have a making capacity of 400,000 
amperes peak at 11 kV, and the instant at which 
contact is made can be adjusted to occur at 
any part of the voltage wave within five electrical 
degrees. This arrangement enables any degree of 
asymmetry in the test current to be precisely 
chosen, thus economising in the number of tests 
required, particularly on single-phase work. 

When high speed circuit-breakers are being 
tested, the instant when they are tripped is control- 
led by a relay the electro-dynamic characteristics 
of which are identical with those of the tripping 
gear on the synchronous making switches. The 
closing time of this relay is adjustable and 
enables the test breaker contacts to be opened 
at any desired instant on the current wave. 

TEST CURRENT REGULATION 

The value of the test current can be adjusted 
by inserting an appropriate amount of series 
reactance into the circuit. This reactance 1s 
provided by a three-phase bank of sectionalised 
reactors of the cast-in-concrete type. Control 


circuit-breaker. 
is illustrated in 
rupturing Capacity 
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Fig. 4 Making switches, reactors and resistors for adjusting the test current. 


of the rate of decay of y : 
the direct-current com- 
ponent of the current is it 
effected by a three-phase | j | 
bank of grid-type re- . 
sistors which are con- 
nected in series with the 
test circuit. A further 
set of reactors and 
resistors with higher 
ohmic values is provided 
for reducing the test 
current to normal load 
current values at a power 
factor higher than that 
experienced on_ short- 
circuit. This is required 
for load-current switch- 
ing tests. 

The equipment of the 
station includes a num- 
ber of transformer units, 
an arrangement which 
has the advantage, com- 
pared with a single large 
three-phase transformer 
bank, that greater flexi- 
bility is attainable. At 
the lower current set- 
tings, too, part of the 
transformer equipment 
can be used with mini- 
mum resistance in series 
with the primary wind- @ 
ings. This produces @ 4 e 
the maximum re-striking 


voltage oscillation fre- Fig. 5 Master relay for co-ordinating testing sequences. 


quencies. 
TRANSFORMER UNITS 

As will be seen from Fig. 2, there are four 
transformer units. The first of these (unit A) 
consists of ten transformers with a ratio of 
transformation of 6:°35/76 kV, 12 secondary 
sections and an insulation level working voltage 
of 76 kV_ root-mean-squére to earth. The 
24 high-voltage terminals of these transformers 
are brought out, so that each pair gives 6°35 kV, 
thus providing voltage settings corresponding to 
steps of 11 kV (line to line) up to 132 kV. When 
connected in series with the other transformers 
(units B, C and D) these secondary settings are 
used to give a vernier adjustment of the total 
voltage. 

The single unit B transformer has a ratio of 
transformation of 6-35/57 kV with one secondary 
section and an insulation level working voltage 
of 133 kV to earth. The single unit C and D 
transformers have the same ratio of transforma- 
tion and one secondary section, the insulation 
level working voltages to earth being 190 kV 
and 247 kV, respectively. The four units are 
used with their secondary windings in series or 
series-parallel to produce single-phase voltages 
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Fig. 6 Control room where the tests are initiated and oscillograms taken. 





up to 247 kV root-mean-square to earth. With 
an intermediate earth the maximum single-phase 
test voltage is increased to 323 kV root-mean 
square These units have insulation levels 
appropriate to the total test voltage at the output 
terminals 


\ three-phase step-down transformer is 
installed for tests on switchgear with rated 
voltages not exceeding 2:2 kV At normal 


generator excitation the secondary windings 
of this unit produce 0-55, I-1 and 2:2 kV when 
respectively connected in parallel, series-parallel 
and series 

A bank of high-voltage capacitor units is 
installed for those capacity current making and 
breaking tests which correspond to the switching 
of unloaded power transmission lines and 
industrial capacitor banks The re-striking 
voltage characteristics of the test circuit can be 
varied by a bank of porcelain-clad capacitors of 
smaller capacity than those of the main steel 
tank units 


TEST BAY ARRANGEMENTS 


Seven bays are provided for the accommo- 
dation of the switchgear which is being tested 
Of these No. | is covered and is constructed 
of reinforced concrete with an open front 
It is connected to the testing equipment through 
a step-down transformer and ts intended for use 
at voltages up to 2:2 kV Test bays Nos. 2, 3 
and 4 are of the same construction and are 
employed for testing at voltages up to 33 kV 
Test bay No. 5 is an outdoor bay for testing at 
voltages up to 152 kV single phase and 132 k\ 
three phase, while No. 6 is an indoor bay for 
testing at voltages up to 323 kV single phase and 
132 kV three phase. It is equipped with a 20 ton 
travelling crane. Finally, No. 7 bay is out-of- 
doors and is employed for testing at the same 
voltages as No. 6. Erection of the apparatus in 
Nos. 5 and 7 bays its effected by a mobile electric 
jib crane, while in the first four bays the equip- 
ment undergoing test is assembled in the work- 
shop and assembly building and erected on a steel 
rail truck for transportation. It remains on the 
truck during the test, thus facilitating speedy 
removal 


CONTROL AND RECORDING 


The plant and testing operations are both 
controlled from a central control room, which 
is illustrated in Fig. 6, while the tests can be 
observed from a room on the upper floor of the 
office block. All the sequences in a testing 
operation are co-ordinated by the master relay 
shown in Fig. 5, which ts mechanically coupled 
to the film drum of a 16-element electromagnetic 
oscillograph. The supporting panel of this relay 
and the film drum behind it are mounted on a 
wheeled carriage which can be pushed into the 
dark room 

High-frequency transient voltages, such as 








438 


re-striking voltages, are recorded on three cathode 
ray oscillographs. One of these has four tubes 
and is of the sealed glass hot cathode type with a 
film drum rotating at 10,000 r.p.m. The second 
has three tubes and is of the continuously evacu- 
ated cold cathode pattern with a film drum 
rotating at 3,000 r.p.m., while the third has a 
single tube and is of the sealed glass hot cathode 
type with a stationary film. 


x * * 


SILENT PNEUMATIC 
SCREWDRIVER 


Ultrasonic Exhaust 


An air-powered screwdriver claimed to be the 
* world’s most quiet’ has been introduced by 
the Consolidated Pneumatic Tool Company, 
Limited, 232, Dawes-road, London, S.W.6, in 
which the exhaust sound waves have been raised 
to a frequency above the human auditory level. 
In addition, the direction of the exhaust can be 
controlled by rotating a_ side-outlet exhaust 
deflector and locking it in any desired position. 
If the deflector is removed, the exhaust air is 
directed downward. 

The new screwdriver, 
shown in the accom- 
panying illustration, is 
designed for operating 
in the size ranges 0, 2 
and 4 B.A., and ¥ in. 
to 4 in. B.S.F. and 
Whitworth. The screw- 
driver weighs 30 oz., 
and embodies a built-in 
speed control which 
gives the fine gradua- 
tions of speed that are 
important in fine work. 
The clutch is adjustable 
without using tools and 
is locked by a fool- 
proof device. Among 
the optional equipment 
which may be supplied 
is a Phillips nose adap- 
tor and bushing and 
one single-piece Phillips 
bit. 





x * * 


THE QUIET COMPRESSOR 
The noise level of two petrol-driven compressors 
in the Hydrovane range manufactured by the 
Hymatic Engineering Company, Limited, Red- 
ditch. Worcestershire, is now reduced by the 
fitting of specially designed silencers. Hitherto, 
the engine exhaust note has been the largest 
source of noise on these compressors, so the 
whole level is now reduced. The two models 
concerned are the 7P100 and I1P85 sets, both of 
which are powered by four-stroke Villiers engines. 


* & 


COMPUTER USING TRANSISTORS 
A new digital computer has been produced 
by Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, 17. The 
Metrovick 950 digital computer employs tran- 
sistors and printed-circuit techniques exten- 
sively and the makers claim that in consequence 
it can be offered at a highly competitive price. 

In all the circuits with which the logical func- 
tions of the computer are associated, transistors 
replace thermionic valves. Such circuits, which 
comprise basic waveform generators, staticisers, 
arithmetical units, coincidence units, etc., are 
produced on Bakelite boards 8 in. by 7 in. by the 
printed-circuit technique. The printed boards 
are carried in ten panels, being plugged into 
sockets in the permanent wiring to facilitate 
quick removal and servicing. 
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FUTURE LEADERS FOR THE 


AIRCRAFT 


Where are the future leaders of the aircraft 
industry to come from ? According to one 
executive speaking at the recent Conference on 
Advanced Aeronautical Education, at Cranfield, 
many of the young graduates now coming for- 
ward lack the character to fit them for res- 
ponsibility, and this, he suggests, is even more 
serious to the aircraft industry’s future than the 
dearth of technological manpower. The deter- 
ioration in quality which this speaker has 
observed in the universities’ output he attributes 
largely to home background—to the fact that 
many of these young men now come from 
families where financial planning and_res- 
ponsibilities are minor factors in their way of 
life. The sons of professional men who used to 
form the nucleus of university graduates are 
now in many cases debarred from university 
education by the financial hardships imposed by 
the means test. Another question was posed by 
the same speaker: what is to be the future of all 
these young graduates entering the industry ? 
They come in at high starting salaries, but how 
is industry going to provide them with adequate 
prospects of promotion ? At present this 
problem has not been solved and in consequence 
there is a large turnover of the technical staff 
who have been so highly trained at public 
expense. 

These important problems, however, were inci- 
dental to the primary purpose of the Conference, 
which was attended by the “ top brass ~ of the 
industry, the universities and colleges providing 
aeronautical courses, and the Ministry of 
Education. It was organised by the Royal 
Aeronautical Society to assist their educational 
committee in forming a policy on aeronautical 
education at post-graduate level, with a view to 
putting forward suitable proposals to the 
Ministry of Education. The main theme, in 
fact, was centred on whether the aircraft indus- 
try’s own technological college, Cranfield, is 
doing the right job ? 

It was generally agreed that the main principles 
on which Cranfield was founded, based on the 
Fedden report, are as sound to-day as they 
were in 1945—that it should provide a_ high- 
quality training, both scientific and technological. 
in aeronautics at post-graduate level, and that 
practical research should be carried out by the 
staff and by selected students. There were some 
criticisms by industry that the standards of 
entry are not as high as they should be, possibly 
because the Treasury place the wrong emphasis 
on *‘ value for money,” and think in terms of 
numbers of men. 

The evidence is clear that industry is finding 
that the boys they sponsor themselves as engi- 
neering apprentices to the level of Higher 
National Certificate, or to degree standard by 
means of * sandwich” courses, are turning out 
more satisfactory than graduate apprentices 
entering the industry from full-time university 
courses. There is, however, some difficulty in 
obtaining the necessary standard of mathematics 
in the normal H.N.C. courses organised by local 
technical colleges—a difficulty which, the Min- 
istry of Education stated, could be overcome if 
the professional institutions were to demand a 
higher standard. At present there is no Higher 
National Certificate or Diploma in aeronautical 
engineering; the industry are pressing the Royal 
Aeronautical Society to intensify their efforts 
with the Ministry of Education to introduce such 
qualifications. 

As to the type of young man which the firms 
and the Government research establishments 
are seeking: he should be soundly based on the 
fundamentals of science, should be trained to 
think for himself and should be experienced in 
experimental method: he should be able to 
express himself in lucid English, should have a 
broad outlook and a lively mind; and he should 
have humility. One of the widespread com- 
plaints against Cranfield-trained men is_ that 


INDUSTRY 


they enter industry with swollen heads and 
appear almost to expect an immediate offer of 
a seat on the board of directors. 

It is considered essential that the teaching 
staffs should have had recent practical experience 
and should be actively engaged in research. 
A broad formal training course in aerodynamics, 
aircraft dynamics, aircraft and engine design, 
thermodynamics, and applied electricity and 
electronics is desired for men of Higher National 
standard, and for university men with degrees 
in general engineering. For graduates in 
aeronautical engineering, a one-year course 
should be sufficient. In addition, the industry 
want a programme of short courses in specialist 
subjects of a very advanced nature; and possibly 
courses for older mature men to familiarise 
them with the new technologies that are becoming 
an essential part of aeronautics. 

Although the question of training production 
engineers was raised by a few speakers—and 
notably by Sir Roy Fedden—the impression 
remains that the aircraft industry, and indeed 
the country as a whole, is not sufficiently con- 
cerned with this problem. The impact of post- 
war educational development on_ shop-floor 
personnel has not yet been widely appreciated: 
the type of boy with character and talent who, 
before the war, entered the works and emerged 
as a production leader, is now largely diverted 
by the educational * creaming off” process and, 
because of the higher starting salaries with 
which he is tempted, is more likely to be found 
in the design and technical offices than in the 
workshops. Unless more thought is given to 
the source of future production leaders, the 
consequences to Great Britain’s export drive 
will, as Sir Roy Fedden pointed out, be serious. 


= * 


SYNTHETIC RUBBER 
IN BRITAIN 


While natural rubber has been for many years 
a most satisfactory general-purpose material, it 
does not possess the high resistance to abrasion, 
heat and cold, and to ozone, oils and various 
chemicals shown by some of the special types of 
synthetic rubber. Furthermore, one of the 
drawbacks of natural rubber has been the 
instability of its price, which during the Korean 
war reached a figure of over 6s. a lb., or more 
than 24 times its present figure. This is one 
of the reasons why, in the United States, 
upwards of 60 per cent. of the rubber consumed 
is now of synthetic. 

It was announced at what we understand was 
the first International Conference on Synthetic 
Rubber ever to take place in this country, and 
held in London on March 26, 27 and 28, that 
some of the first British synthetic-rubber plants 
are just coming into production, while others 
will be ready by 1958. The two main raw 
materials for general-purpose synthetic rubber, 
butadiene which is obtained from petroleum, 
and styrene which may be derived either from 
coal or from petroleum, are also being produced 
in this country. 

The conference, organised by our contem- 
porary, The Rubber and Plastics Age, was opened 
on the first day, March 26, by the honorary 
President, Sir David Eccles, President of the 
Board of Trade, and the chairman was Mr. 
G. E. Beharrell, deputy chairman and managing 
director of the Dunlop Rubber Company, 
Limited, and chairman of the International 
Synthetic Rubber Company, Limited, a concern 
formed by leading British tyre manufacturers to 
build a plant for the production of general- 
purpose synthetic rubber in Great Britain. 
The lectures delivered and the papers presented 
at the conference dealt mainly with various 
developments in the chemistry and physics of 
synthetic rubber. 
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Record volume control adapter receptacle 


The small size of the Dictet makes it suitable for applications where a 
conventional recorder would be unwieldy. This view shows the control panel. 


4. Reproduce volume control 
Microphone, transcribing- 


6. Carrying strap holders 
Opening 


A POCKET TAPE RECORDER 


The Dictet is possibly the smallest tape recorder 
in commercial production. Self-contained and 
weighing 2 Ib. II oz., it is readily portable. 
The recording time available is 60 minutes per 
magazine. The small size of the Dictet makes it 
suitable for applications where a conventional 
recorder would be unwieldy. Applications are 
various; among them are interviewing, newspaper 
reporting, and legal work. At present the 
recorder is only manufactured at the Dictaphone 
Corporation’s factory at Bridgeport, Con- 
necticut, U.S.A., but the Dictaphone Company, 
Limited, are actively considering the possibility 
of producing it in Britain at their Acton works. 

As will be seen from the illustration, the Dictet 
resembles a camera. Its dimensions are 
2 in. 4} in. 6); in. Within the case, which 
is of magnesium, are housed batteries, motor and 
tape reels, recorder-reproducer head, erase head, 
and transistor amplifier. Two 6 volt mercury 
batteries supply the motor and have a life of 
about 20 hours. The life of the amplifier 
battery, which is also a 6 volt type, is about 


MOBILE SUB-STATION 


A mobile sub-station for use in connection with 
the Damodar Valley electric scheme in India has 
recently been supplied by the Parolle Electrical 
Plant Company, Limited, 2 King-street, New- 
castle-upon-Tyne, 1. The station is designed to 
receive supplies at 132 kV and distribute them at 
33 kV. For this purpose it has been split into 
three units, each of which is mounted on a 
trailer made by R. A. Dyson and Company, 
Limited, Grafton-street, Liverpool, 8. The 
largest of the trailers carries the main transformer 
which is rated at 5 MVA and weighs approxi- 
mately 40 tons. It is suspended in the middle 
of the trailer to give a low overall height and a 
low centre of gravity. The transformer is oil- 
cooled. The trailer was designed particularly 
for this application and is fitted with a fully- 
balanced walking-beam bogie at the rear, 
mounting four short oscillating axles carrying 
16 9 by 20 tyres. Brakes are fitted to all the 
wheels and are operated either by air pressure 


40 hours. If neces- 8. Magnetic tape magazine 
sary the Dictet can a 
be operated from the 10. Tape reels 


Tape reel brakes 

Finger grips for handling 
Magazine 

13. Magazine positioning pins 


mains by using an + 
adaptor. The micro- 
phone, which is ex- 
ternal to the case, is 
a magnetic type and 
serves also as the playback speaker. To prevent 
wastage of battery power the circuit is arranged 
so that the motor will only operate when the 
microphone is connected. There is a further 
safety circuit associated with the erase head. 
This head erases ahead of a a new recording 
and only when the controls are set to record. 

A magnetic tape } in. wide is used. Two reels 
of 22 in. diameter carry approximately 400 ft. 
of tape. When recording the tape moves at 


24 in. per second. A power re-wind is used 
which will re-wind a full reel in 2$ minutes. 


For the machine components a stainless steel 
baseplate is used. A printed circuit is employed 
in the amplifier, which has four transistors. 


ON THREE TRAILERS 


or by screwed hand-brake. The fore-carriage 
is fitted with turntable type steering. It is 
sprung, and has two short axles in line, mounting 
four single 14 by 20 tyres. Walkways are 
fitted down each side of the trailer and red 
warning lamps on the corners indicate when the 
station is functioning. The other two trailers 
are smaller and are similar to each other except 
in width. On one of them is mounted the kiosk 
containing the control panels and the metering 


equipment; also on this trailer is a 132 kV 
isolator, fuses and lightning arresters. On the 
remaining trailer there is mounted a 33kV 


circuit breaker, isolators, and at the front end 
there is an apartment in which are carried 
cables, etc. Both these smaller trailers are six 
wheelers with tandem axles at the rear, mounting 
twin 9 by 20 tyres. The platforms of them are 
made of flush chequered steel plate. Brakes 
operated by air pressure or hand (for parking) 
are fitted to all rear wheels. In operation, the 
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14. Tape reel brake-release 19. Machine cover 
pins 20. Cover latch 
1S. Reel drive spindles 21. Battery life notation label 
16. Capstan housing—tape Battery compartment 
drive mechanism Motor batteries 


wider 24. Amplifier battery 
25. Battery c 


cover 


17. Magnetic rece 
reproducer head 
18. Magnetic erase head 


mpartment 


The Dictet with the covers removed. 


three units are moved by tractor to the site, 
where they are connected up and form a source 
of supply for any local operation where power 
is required 


x * * 


CARRIER-BORNE FIGHTER 
READY FOR TRIALS 


The D.H.110 Sea Vixen all-weather fighter 
aircraft constructed by the de Havilland Aircraft 
Company, Limited, Christchurch, Hampshire, 
for the Royal Navy, flew at dusk on March 20 
in its developed form, prepared for the practical 
requirements of aircraft-carrier operation rhe 
primary armament is known to be air-launched 
guided weapons 

The D.H.110 will in due course take over 
from the Sea Venom as the primary all-weather 
fighter for the Royal Navy. The manufacturers 
claim that it retains a docile performance and 
safe control throughout its wide range of speeds 

a range which encompasses the slow approach, 
the transonic band and dives at supersonic 
speeds. Performance details are secret The 
aircraft is also suitable for ground-attack duties 
whether operating from catapult or flight deck 
or from shore base. In this role its low-altitude 
performance permits a high degree of surprise 
and fast getaway. 

Plans for the new aircraft in production form 
to embark on a final series of carrier trials have 
already been made. They will be supplemented 
by further testing at Ministry of Supply establish- 
ments Finally, before the aircraft can be 
accepted for squadron service, it will be necessary 
to assess weapons, radio, radar and navigation 
systems under a wide range of service con- 
ditions Equipment supply and _ servicing 
problems must also be investigated 





A mobile sub-station, designed to receive supplies at 132 kV andjto send out at 33 kV, built around three trailers. 
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Marketing 


COMMONWEALTH COUNTRIES TAKE 
THE BRAKE OFF 


Widespread relaxation of import controls by 
Commonwealth countries has ensured that 
British exports will be substantially higher this 
year than last. The scale of Australia’s relaxa- 
tions will mean that imports from Britain will be 
increased by £A80 million over the quotas 
previously authorised, although the total will 


remain some £A43 million below the _ level 
attained in 1955-6. 

New Zealand decided to make £2 million 
available for additional imports of motor 


vehicles, thereby making possible an increase of 
about 5,000 in the number of vehicles imported. 
This gesture was said to have been prompted by 
* the depressed position of the United Kingdom 
car industry ~ but there has been some improve- 
ment in the general economic situation and a 
New Zealand mission is expected in London in 
April to discuss the whole question of the trade 
relationship of the two countries. The Union 
of South Africa also relaxed restrictions in the 
import of a wide range of goods, including cars, 
scientific instruments and office machinery. 

All this is good news that has long been 
awaited. It is particularly opportune at the 
present time when talk of Commonwealth trade 
is almost drowned in the noise of the Common 
Market. 

x *« * 


Common Market Treaty Signed 

The treaties establishing the Common Market 
and Euratom were signed in Rome last week. 
The ceremony was televised to an international 
audience and it was made plain by the European 
leaders assembled there that the treaties had 
immense political as well as commercial signi- 
ficance. They form the foundation stones of 
what could become a really united Europe 
though, to use Dr. Adenauer’s phrase, the 
treaties have still to be given life. The need 
for British participation was emphasised by 
M. Pineau, the French Foreign Minister, who 
said that without Britain “the Europe we are 
constructing will be incomplete.” 

The way is now clear for the setting up of an 
organisation to administer the Common Market 
and Euratom. The proposals, which must face 
ratification by the parliaments of the six coun- 
tries concerned, are that a single parliamentary 
body should be constituted to serve both organis- 
ations and the European Coal and Steel Com- 
munity as well. Its executive body will be a 
council of Ministers of the member states, 
advised by a commission of 9 members chosen 
by the council on the recommendations of 
governments. A court of justice, an economic 
and social committee, a monetary committee 
and a European investment bank will provide 
the expert advice needed to achieve the aims 
of the treaties. This type of supra-national 
organisation has worked well in the case of the 
Coal and Steel Community. 


* & WW 


Problems of European Free Trade 
Some of the basic problems likely to face British 
manufacturers on the establishment of a Euro- 
pean Free Trade Area were mentioned by Sir 
George Nelson in his report to the shareholders 
of the English Electric Company. The existence 
of “ different design standards,” for example, 
could make it difficult for British electrical 
machinery manufacturers to quote on level terms. 


One of the differences is that the Central 
Electricity Authority use turbo-alternators of 
30. 60, 120 MW whereas Continental under- 


takings use sets of 25, 50 and 100 MW. 
Recent correspondence in The Times suggested 
that the adoption of the metric system may be 


forced upon industry if Britain joins the Area. 
There will be a steady pressure to change British 
practice or to have some of it embodied in inter- 
national standards. Until this can be done it 
may be possible to make agreements with other 
countries in the area for the mutual acceptance of 
national standards. Until now, far too little 
attention has been paid to practical difficulties 
of this kind. 
* = 


Mission to Canada 

The Canadian market is to be the object of a 
special fact-finding mission by members of the 
Dollar Export Council. Four leading members 
of the large industrial group producing building 
materials will make an extensive tour of the 
country, paying special attention to the major 
expansion schemes now under way. Under the 
leadership of Mr. Halford Reddish, chairman 
and managing director of the Rugby Portland 
Cement Company, they will meet Canadian 
industrialists and senior Government officials as 
well as leading architects and building con- 
tractors. 

One member of the team, Mr. Andrew Atha, is 
a director of Guest, Keen and Nettlefolds 
(Midlands) Limited, and was a member of the 
British Iron and Steel Federation’s mission to 
Canada in 1950. Following this visit, the 
Pacific Great Eastern Railway in British 
Columbia placed orders in this country for 
1-8 million dols. worth of rail accessories. 
There is little doubt that this kind of specialised 
mission—which in effect amounts to co-operative 
sales approach work—can do much to advance 
the prospects of particular industries. There is 
also a need, stressed by Mr. Reddish, to tell 
customers overseas that “ Britain is still a virile 
and progressive country,” with industries “* active 
and on their toes,” anxious and able to compete 
effectively in Canada and other world markets. 


x~ * * 


Trade Stalls in Cairo 

First Russia, then Germany, staged industrial 
exhibitions in Cairo in the past few weeks in a 
bid to gain a foothold in the market. There 
are few prospects of immediate business except 
on very long term credit but the inevitable bidding 
for the good will of the Middle East countries 
and the high oil royalty payments ensure that 
they will have a great deal to spend in the future. 
Even Egypt should manage to carry out some 
of her plans for secondary industry, either with 
Western or Eastern backing. The Aswan Dam 
project with all it entails will almost certainly be 
brought back and there is every sign that both 
Germany and Russia are willing to lay out sub- 
stantial sums to establish themselves in Egypt 
and other Arab countries. 

The scale of the German exhibition many times 
exceeded that of the Russian. They set up seven 
pavilions and brought over 4,000 tons of materials 
and products contributed by some 420 firms and 
organisations. This is indeed a major effort and 
cannot be wholly aimed at Egypt or her Eastern 
neighbours. French North Africa could, of 
course, be the real target. 


x * * 


Chinese Puzzle 
The United States reaction to Britain’s request 
for a relaxation of the strategic embargo on 
trade with China has proved disappointing. 
Evidently the political influence of the China 
lobby is still greater than that of those American 
industrialists who wish to export there. The 
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situation could alter very quickly, but until this 
happens British manufacturers are unlikely to 
make much headway. The instance quoted in 
the House by Sir David Eccles, President of the 
Board of Trade, of applications for export 
licences being rejected in respect of £741,872 
worth of Diesel engines shows how frustrating 
the maintenance of the embargo is likely to 
prove. 

Information contained in a report published 
by the United Nations Economic Commission 
for Asia and the Far East, entitled Economic 
Survey of Asia and the Far East 1956, indicates 
that China is industrialising at a very fast rate 
and that there is a growing market for heavy 
equipment of all kinds. A review of production 
in the basic industries, including petroleum, 
electricity, iron and steel, cement, chemicals and 
transport is a useful guide to the prospects of 
British exporters when the embargo is cleared. 
In recent years, the report states, China’s trade 
has * gravitated increasingly, if not exclusively, 
to the Soviet Union and countries of Eastern 
Europe.” 

x € 2 


Indian Awakening 

The industrialisation of India is proceeding as 
fast or even faster than the country’s resources 
will allow. The railway expansion programme 
announced recently involves the expenditure of 
Rs. 1,780 million (£132 million) in 1956-1957 
and Rs. 2,180 million (£163 million) in the follow- 
ing year. These are allotments made to the 
railways under the second five-year plan. The 
rolling stock import programme for 1957-58 
includes 56 steam, 130 Diesel and 7 electric 
locomotives as well as steam boilers, railcars, 
electric multiple units and other equipment. 
The emphasis on Diesel traction is continued, 
and electrification is beginning. There will 
doubtless be severe competition for the Indian 
orders but the British industry should be able to 
offer outstanding material at prices competitive 
with any which are not state subsidised. 

A sign that India is fast becoming an industrial 
power and learning all the tricks is the use of a 
* floating“ showroom by a boat builder. A 
35 ft. cabin cruiser designed and built by Afco 
Private Limited, of Bombay, was fitted out to 
show a high quality of design and workmanship 
to Indian and overseas customers. The use of 
British components and equipment, including 
Perkins Diesels and Marconi instruments, 
shows that there is much room for continued 
British participation in India’s effort. 


=x ® 


Overseas Advertising 
Two recent events have stressed the need for 
good advertising and effective promotion of 
British goods in overseas markets. The Federa- 
tion of British Industries announced arrangements 
for three British trade weeks in South Africa to 
be held in all main towns during May and June. 
The Advertising Association held a one-day 
conference in London at which exporters out- 
lined the problems involved in advertising and 
marketing their products and advertising firms 
described the methods used to keep well informed 
on local needs in various countries. 

Mr. G. F. Meadmore, director of D. J. 
Keymer & Co. Ltd., examined the three 
methods of reaching overseas customers—by 
relying entirely on agents or representatives 
on the spot; by carrying out the work with 
the exporter’s own staff operating from the 
United Kingdom; and by engaging a British 
advertising agency. The advantages of each 
method as well as the shortcomings were 
discussed, and the case for the agency strongly 
and sensibly put. The drawback is that few 
agencies are equipped to do the job. It is rarely 
demanded of them and only the exceptional 
firms have the necessary resources and represen- 
tation. Much remains to be done in this field: 
this, above all, the conference made plain. But 
also the fact that it needed doing and doing 
urgently. 
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ATOMIC REVIEW 


Squeezing Out 


HE problem of siting the 19 or so nuclear 

power stations called for under the Govern- 
ment’s revised atomic power programme has 
already given rise to much discussion. Local 
amenities, hazards to life and livelihood, tradi- 
tional habits have been invoked by correspon- 
dents to the Press and by witnesses taking part 
in recent siting inquiries. Since the number of 
suitable locations in this country is in any case, 
comparatively limited, it looks as if those 
responsible for placing the new stations are faced 
with an uphill battle. Double stations approach- 
ing 1,000 MW in capacity may be built on each 
site, and perhaps even triple stations so as to 
make best use of the available land, but this may 
aggravate other problems, such as the need for 
large cooling-water supplies. A potential advan- 
tage of the nuclear power station often quoted 
is its independence of bulk fuels, so that sites 
can be chosen near areas of high demand, rather 
than near coalfields, thus reducing distribution 
costs. But in Britain, the situation is likely to 
be reversed; areas of high demand are generally 
located over coalfields, but for various reasons the 
first nuclear stations may have to be sited near 
lakes, on river estuaries, or by the sea. The 
factors involved in such a choice are numerous 
but among the most important are those con- 
cerned with achieving maximum efficiency. At 
present the gas-cooled reactor station is barely 
competitive with conventional stations, and it is 
therefore necessary to extract the last drop of 
available power. The link between siting and 
output is discussed below. 


Cooling Water 

It has been stated that “nuclear power 
Stations require a lot more water than conven- 
tional stations,” so that they will require to be 
situated near the sea. The explanation has been 
generally left at that, and it may therefore be 
opportune to explain why nuclear stations based 
on the gas-cooled reactor will, at least in the 
immediate future, need large quantities of water 
—18 million gallons an hour has been quoted 
for one of the stations already designed. 


Steam Conditions 

In a nuclear plant of this kind the steam pro- 
duced is of a relatively low condition, the capital 
cost of the station very high, and every effort has 
to be made (by passing vast quantities of cooling 
water through the turbine condensers) to extract 
the last vestige of usable heat from the steam. 
In fact, the cost of the circulating water system 
is a major item in the cost of the station and the 
C.W. pumps are a major user of auxiliary power 
Careful balancing of vacuum conditions, capital 
costs and pumping costs is necessary if the station 
is to be economic. 

The low condition of the steam arises from the 
limiting temperature which can as yet be 
permitted within the reactor itself. As Sir 
Christopher Hinton outlined in his recent 
Swedish lecture (reported in these columns, 
March 22, page 380), the bulk coolant gas-outlet 
temperature from the reactor is of the order of 
370 to 395 deg. C. for the first three C.E.A. 
stations and this temperature, neglecting losses, 
is the ceiling temperature in the heat exchangers. 
In practice, the temperature of the H.P. steam 
at the superheater outlet is expected to be some 
25 deg. lower; for the G.E.C.—Simon-Carves 
station, 370 deg. C. (or 700 deg. F.) and the 
corresponding pressure will be 585 Ib. per sq. in. 
gauge—a condition very much _ below that 
effective in a new conventional station, such as 
the C.E.A.’s Carrington station where the 
corresponding figures are 920 deg. F. and 940 
Ib. per sq. in. 

To go back a stage further, the restriction on 
the gas-cutlet temperature depends on the 
operating temperature that can be allowed in 
the reactor itself due to the limitations of the 
canning materials to withstand the conditions 


The Last Drop 


under which they work. Thus, for stations of 
the Calder Hall type the steam condition, and 
hence the magnitude of the C.W. system, is 
primarily limited by the canning materials. 
Moreover, the increase in gas-outlet temperature 
which can be expected in the next ten years is 
only of the order of 100 deg. C. 


Inland Stations and Euratom 


Nevertheless, any improvement in this figure, 
together with any increase in reactor size (as 
might come about with more robust pressure 
vessels), would tend to reduce the importance of 
extracting heat from the steam and reduce the 
proportion of the capital cost which would 
need to be spent on the C.W. system. In either 
case the necessity for locating the stations near 
the sea would be lessened; but whether, for 
United Kingdom conditions, the circumstances 
that would allow gas-cooled natural-uranium- 
fuelled reactor stations to be sited inland will be 
reached before such a power reactor is super- 
seded is a matter of doubtful conjecture. 

On the other hand, on the Continent of Europe 
the economics of power production will not be 
the same as for the United Kingdom. Hence, 
Euratom’s possible intention of buying some 
stations from the British nuclear power 
consortia, may not be affected by quite the 
same need to build them near the coast; anyway, 
Europe has a number of very considerable rivers. 


Fluctuating Loads 

The importance of operating nuclear power 
stations at base load has frequently been stressed, 
and some remarks on the subject by Mr. P. J. 
Squire of the C.E.A. were published in Atomic 
Review on March | and 15. The question arises 
as to whether it may ever be economic to supply 
the bulk of our power needs from nuclear 
sources, as it would appear that conventional 
thermal stations (or better hydroelectric stations) 
will always be necessary to supply the fluctuating 
part of the load. Two answers are at once 
apparent. First, there is no intrinsic quality 
of the nuclear power station that requires its 
use solely for base-load purposes; later designs 
may thus invalidate the question entirely. 
Second, it may be possible to develop accumu- 
lating systems, so that power produced at off- 
peak periods may be stored for subsequent distri- 
bution. An ingenious approach, referred to in 
Atomic Review on February 15, has _ been 
proposed by Mr. L. Edgar. He suggests that 
by introducing electrically propelled vehicles 
on a large scale, charging of batteries can be 
carried out at night when normal demand is 
low. This, he believes, would not only save 
imported oil, but help to even out the electricity 
demand curve. 


Pumped Storage 

However, it may be that something more 
drastic and less at odds with present manufac- 
turing and public habits is required, and the use 
of pumped water storage for this purpose may 
eventually become common practice. At off- 
peak periods the nuclear plant would serve as a 
pumping unit, raising water from a low-level 
reservoir to one at a higher level; when demand 
was at a maximum the flow would be reversed to 
drive water turbines, so that the station’s total 
output would be the sum of its nuclear and hydro- 
electric capacity. The nuclear plant would 
therefore operate continuously, at night driving 
pumps, and in the day supplying electric power. 
The effect would be not only to solve the problem 
of economic running, but also to reduce the 
number of stations required, since in any case 
sufficient plant must be installed to meet the 
peak demand. Thus if a combined nuclear and 
pumped-storage station supplies power for only 
half the time, its peak output would be almost 
double the output of the nuclear section alone if 
operated continuously. 
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The major drawback is topographical. Stations 
must be so placed as to be near areas in which 
two or more natural lakes already exist, or arti- 


ficial lakes can conveniently be created, with 
the added condition that the lakes are at suffi- 
ciently separated levels. At first sight this 


requirement would make siting a much more 
serious problem than with conventional hydro 
electric plants, but in compensation it should be 
noted that for pumped-storage installations, 
access to large catchment areas need not be 
considered. For this reason, too, costly secon- 
dary works designed to ensure the maximum 
influx of water from the surrounding district 
would be unnecessary. Nevertheless, the restric- 
tion in siting is likely to limit pumped-storage 
electrical capacity in this country to a few 
thousand megawatts. 


Welsh Project 

Such schemes are considered entirely feasible 
by the Central Electricity Authority and what is 
said to be the largest pumped-storage project in 
the world is now in course of construction at 
Blaenau Ffestiniog in Merioneth. The output 
of the water power station will be about 300 MW 
(four 75 MW sets), and use will be made of an 
existing lake, which is to be enlarged; the lower 
lake will be artificially created by building a 
concrete dam. The working storage capacity 
will be about 60 million cub. ft. of water, with an 
operational head of some 1,000 ft., and a varia- 
tion in level of the lower lake of 18 ft. The 
scheme is expected to show in its first year of 
operation (1962) a saving of approximately 
£200,000, with a later maximum annual saving 
approaching £1 million. The plant is intended 
to generate power during the winter months 
only for four hours a day, five days a week, and 
pumping will take place for seven hours on each 
of the five nights. The construction of a nuclear 
power station in the vicinity is also under consi- 
deration. It is apparent that cooling-water 
and pumped-storage requirements may be met 
by the same water supply—a technical economy 
of some appeal. 


General Notes 


Reactor for Germany 

Last week we discussed the order for a reactor 
power station placed recently by Rheinisch- 
Westfalisches Electrizitatswerk A.G. (R.W.E.) 
with Mitchell Engineering Limited and A.M.F. 
Atomics Incorporated. The station, which is 
to have an electrical output of 15 MW, is due to 
come into operation in autumn 1959; and a 
sketch of the plant arranged for location under- 
ground is shown in the accompanying illustration. 
Other details including the steam conditions 
were given last week. Based on the closed-circuit 
boiling-water system, the reactor will employ 
ordinary water as moderator and coolant. The 
boiling water will be carried in passages in the 
fuel elements, which are to be made from 
uranium and thorium oxide clad in a zirconium 
alloy. The use of oxide fuel is said to ensure 
that there can be no chemical reaction between 
metal and water. Natural circulation is em- 
ployed, though forced circulation may be intro- 
duced later if required. The assembly of an 
element will be entirely mechanical and not 
required metallurgical roll bonding or any 
precision machining; as a result, fuel fabrication 
is inexpensive. The fuel assemblies form a 
core 5 ft. in diameter by 5 ft. high, and there is 
considerable flexibility in the arrangement of the 
fuel both as to size and type of element. 

The core is surrounded by heavy steel plate, and 
9 in. of water serve as a reflector. The biological 
shielding will be 4 in. steel plate and 7 ft. thick 
concrete (minimum density of 125 Ib. per cub. ft.) 
or their equivalent. Apart from the inherently 
safe character of the reactor itself, various safety 
devices will be fitted, including automatic shut- 
down in certain conditions by rapid insertion 
of the control rods. In the extremely unlikely 
event of rupture of the reactor vessel due to a 
power excursion, the primary shield and a 
quenching system of room-temperature water, 
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designed to condense steam escaping from the 
vessel, will prevent dispersal of radio- 


reactor 
active material. Protection is thus afforded 
against what is called the ** maximum credible 


iccident.”” which is defined as the ** simultaneous 
rupture of primary and secondary steam systems 
plus a very considerable nuclear energy release.” 
Fault detection equipment will be installed and 
also two television cameras inside the reactor 
containment vessel for visual checks on machinery 
during operation. A camera can also be lowered 
into the reactor vessel for fuel-element changing. 

Evidence of confidence in the reactor’s safety 
is provided by the decision to build the R.W.E. 
station only half a mile from a propulated area. 
The only radioactive waste from the plant is 
said to be resins collected on an ion exchange 
column used to keep the primary water clean. 
About 2 cub. ft. of this waste will be extracted 
each year. Radioactive water from the primary- 
circuit will be kept in retention tanks for the 
normal cooling-off period before being flushed 
into the normal drainage system The plant is 
designed to run for 8,500 hours a year, 


Instrumentation for Australian Reactor 


Ekco Electronics, Limited, are to supply the 
complete nucleonic instrumentation and control 
circuitry for what is said to be the first experi- 
mental atomic reactor to be exported by the 
United Kingdom. This instrumentation, for 
the Australian reactor now under construction 
at Lucas Heights, near Sydney, has been pre- 
tested at the Southend Ekco works and ts shortly 
to be shipped to Australia. Under contract to 
Head Wrightson Processes. Limited, of London, 
Ekco engineers will also be responsible for the 
erection, testing, installation, and commissioning 
of the entire nucleonic instrumentation on site in 
Sydney The reactor itself is heavy-water 
moderated with enriched-uranium fuel rods, 
and at a thermal output of 10 MW will provide 
a flux of 10'' neutrons per sq. cm. per sec., which 


is among the highest in the world. — It has exten- 


sive experimental facilities and will enable much 














essential research to be performed in a shorter 


time than previously. 

The monitoring, control and safety 
mentation is contained in a series of instrument 
panels grouped around the control position. 
One group of instruments measures and records 
the physical states of the reactor circuits as, 


instru- 


for example, pressure flow and temperature of 


the heavy-water moderator. A second group 
measures the neutron flux at various points in the 
reactor as well as the rate of change of flux and 
its departure from a_ pre-determined level. 
Information from both the physical and nuclear 
instrumentation is combined with indications of 
reactor conditions provided by further equipment 
associated with the numerous control mechan- 
isms. This combined information is fed to a 
third system which ensures the safe operation 
of the reactor at all times. In-built control 
circuits ensure that a definite procedure sequence 
is followed when starting up the reactor. Failure 
to carry out this sequence prevents the reactor 
from becoming operational. Any tendency for 
the reactor to develop a fault which may become 
dangerous while in operation is detected auto- 
matically and a shut-down occurs. The speed 
and degree of shut-down is graded according 
to the seriousness of the initiating fault. Health 
instrumentation is provided at numerous points 
in and around the reactor to monitor both the 
gamma and the fast neutron dose-rates. In the 
case of gamma radiation the reading is displayed 
both locally and remotely on logarithmically 
scaled meters and ts also recorded. 


British Atomic Energy Exhibition for Australia 


Trade, in conjunction with the 
Authority, and 
organising a 


The Board of 
United Kingdom Atomic Energy 
in consultation with industry, ts 
mobile atomic energy exhibition to tour Australia. 
The display will have a general appeal and, as it 
is designed for touring purposes, is to be made 
up of a series of compact units mounted on 
independent frames, each unit telling a complete 
part of the story The display has been designed 
by Mr. James Gardner 
and will be shown first 
at the Sydney Industries 
Fair from July 22 to 
August 3, 1957, where 
some British firms en- 
gaged in the atomic 
energy industry will have 
commercial exhibits on 
adjoining stands. It will 
be shown at the Royal 
Agricultural Show, Mel- 
bourne, from September 
19 to 29, and subse- 
quently at Canberra, 
Perth, Adelaide and Bris- 
bane The purpose of 
the displays is to show 
the useful application of 
atomic energy, particu- 
larly the very advanced 
work by Britain in the 
practical production of 
electric power by means 
of nuclear reactors. The 
exhibit also shows how 
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the United Kingdom Atomic Energy Authorit: 
carries out its work through the Harwell Establish- 
14 factories and research establish- 


ment, and } d 
ments in Britain. There are 12 different types of 
research reactor now in operation or under 


construction in Britain, some of these being of 
The display also shows how 


advanced pattern. 
with other nations 


Britain is collaborating 
throughout the world in the techniques of 
developing nuclear power, and how she is 
collaborating particularly with Australia, training 
a number of her scientists and, in fact, assisting 
in the production of a research reactor for 
Australia. The exhibition will include a model 
of the Calder Hall and Dounreay reactors. 


Turbines for Submarine 

The English Electric Company, Limited, 
announces that it has received an order from the 
Admiralty for the design and manufacture of the 
main propelling steam turbines and condensers 
for Britain’s first nuclear powered submarine. 


This order covers the prototype machinery, 
which will be tested in a land-based hull, and 
also the turbines to be installed in the first 

submarine. Reference to the = sub- 


seagoing 
marine was made in Atomic Review on March 22. 


Hose for Reactor Inspection 

A seamless, stainless steel convoluted hose, 
specifically designed for use inside nuclear reactor 
furnaces has been supplied to the United King- 
dom Atomic Energy Authority by Power 
Auxiliaries Limited. This flexible hose has been 
built to carry mechanical and electrical cables as 
well as cooling gas to a grab miniature television 
camera unit which has recently been developed 
for carrying out routine internal inspection of 
nuclear reactors. The camera, and the attached 
75 ft. length of hose, will form part of a grab 
unit which will be lowered into the fuel channels 
of the graphite core to view and remove possible 
obstructions. Covered with stainless-steel braid, 
the |} in. diameter hose has been constructed in 
four separate lengths, and each joint is arranged 
to allow the hose to be set at any required angular 
position. As the flexible hose supporting the 
grab camera unit is lowered into the reactor, 
each joint can be released to allow the unit to 
rotate as required for inspection of the fuel 
channels, or removal of obstructions. Each of 
the three hose joints is capable of this movement, 
thus allowing 360 deg. operation of the grab 
camera unit at any required depth within the 


reactor, 


Tube Contracts 

Contracts for over 200 miles of tubing mainly 
of austenitic stainless have been received 
by the Tube Investments subsidiary, Accles and 
Pollock, Limited, Oldbury, Birmingham, from 
the A.E.I.—John Thompson Nuclear Energy 
Company and the G.E.¢ Simon-Carves Aromic 
Energy Group, respectively responsible for the 
Berkeley and Ayrshire stations. Some of the 
tubing will be for the gas sampling and burst- 
slug detection apparatus 


steel 


Oil Company Research Centre 
Socony Mobil Oil Company Incorporated 
has purchased a 315 acre site near Princeton, 
New Jersey, U.S.A.. for construction of a nuclear 
research centre. It will be used for studying 
the application of radiation to petroleum tech- 
Construction is expected to start this 

The new centre will be operated as a 
sub-division of the Socony Mobil Research and 
Development Laboratory at Paulsboro, N.J. 
It will contain a 2 MeV Van de Graaff accelera- 
tor, a * hot ~ laboratory equipped for manipula- 
tion of fission-waste radioisotopes, and * count- 
laboratories for assaying radioactive 


nology. 
summer. 


ing” 
materials. The new facilities will make it 
possible to conduct many types of nuclear 


physics and radiation chemistry investigations. 
What is believed to be the first Van de Graaff 
accelerator used in the petroleum industry, a 
unit of 500 KeV electron volts, was installed in 
1953 at the Field Reseerch Laboratorie; in 
Dallas, Texas, of the Magnolia Petroleum 
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Company, a Socony Mobil affiliate. This. and 
a 2 MeV accelerator added last year, have been 
employed mainly in research on crude oil 
exploration and production. The new 2 MeV 
accelerator at Princeton will enable Socony Mobil 
greatly to broaden the scope of its nuclear 
research programme. 


Homogeneous Reactor Requirements 


The homogeneous aqueous reactor was dis- 
cussed In a paper presented before the Institution 
of Chemical Engineers on April 2 by Dr. R. 
Hurst, Mr. I. Wells, and Mr. D. Newby, all of 
the Atomic Energy Research Establishment. 
The meeting was held in conjunction with the 
British Nuclear Energy Conference. After dis- 
cussing various forms and aspects of the system, 
the authors listed various requirements which 
must be met before design and construction of a 
homogeneous power reactor of this kind can be 
undertaken. These are as follows. 

(1) First it is necessary to know much more 
about the mechanism of corrosion in the presence 
of radiation in order to develop a_ suitable 
material for the core vessel. Such a vessel must 
be neutron-transparent as well as corrosion 
resistant. Zirconium or an alloy of zirconium 
appears to be one possibility. 

(2) Much more must be known about the 
pumping and settling of thoria slurries and of 
their flow patterns in vessels. 

(3) More experience is needed concerning the 
handling of fission products formed in the 
solution, and more knowledge of their eventual 
disposition within the reactor. Pump reliability 
is an essential part of the reactor, and suitable 
long-running pumps have yet to be proven. In 
addition, the design of pumps for slurries is in a 
very early stage (both circulating and injection 
types are required). 

(4) The design of heat exchangers for slurries 
poses some difficult problems, as indeed does 
the whol blanket circuit. 


(5) Remote maintenance’ procedures for 
pumps, valves, and possibly heat exchangers 
need to be worked out. Such maintenance 


would probably be limited to removal and 


replacement, and this involves the question of 


flanged joints and remote welding and inspection 
procedures. 

(6) Finally the integration and balancing of 
the main, ancillary, and processing circuits of 
the reactor, calls for the conduct of a low-power 
reactor experiment in which the effects of varying 
one circuit on the others, can be studied.  Experi- 
ment on control and safety are a most vital part 
of the development programme. 


Critical Solutions 

Critical masses of uranium 235 and uranium 
233 in the form of uranyl fluoride in aqueous 
solution have been measured in cylindrical geo- 
metry for a range of concentrations HU fissile 
250 to 850. The work was carried out at the 
Atomic Energy Research Establishment, Har- 
well. A cylinder radius of 15-24 cm. was used 
with an effectively infinite radial water reflector. 
Where possible estimates were made of the 
critical masses for the system unreflected and 
also for the system reflected but with the cadmium 
shut-off sheath between the core and reflector. 
Flux measurements were made through the 
system in axial and radial directions at all con- 
centrations. The effect of change of temperature 
on the system over the range 15 deg. C. to 
90 deg. C. was observed for all concentrations. 
An assembly for each isotope in a very con- 
centrated solution H/U235 — 60, H/U233 —— 32 
was also made in a 6°35 cm. radius cylinder but 
was not brought to criticality. (W. G. Clarke, 
C. C. Horton, and M. F. Smith; AERE R/R 
2051.) 


Sites and Protests 

Somerset County Council are to ask that a 
public inquiry be held into the C.E.A.’s proposal 
to build a nuclear power station at Hinkley Point 
(sometime known as Inkley Point) in Bridgwater 
Bay, Somerset. 

Dungeness is among coastal districts being 
examined by the C.E.A. with a view to building a 





nuclear power station. Many other sites around 
the south coast from Kent to Wales are being 
investigated. 

Excursion 

It is perhaps unfortunate that just when the 
Government is beginning its campaign to 
re-assure the public as to the safety of nuclear 
power stations, the Americans should inadver- 
tently allow a reactor to blow up. Yet the 
accident at Los Alamos might in fact serve as a 
comfort, since no one was injured and_ the 
building was undamaged. Most of us feel that 
mistakes are inevitable sooner or later, and to 
learn that errors are not fatal is more convincing 
than to be told that errors are impossible. No 
doubt there is a considerable difference between 
a critical assembly such as the one destroyed 
and a full-scale power reactor, but in terms of 
reassurance the two can conveniently be lumped 
together. 

According to the U.S. Atomic Energy Commis- 
sion, the uranium in the core itself did not 
explode but parts of it flew apart under thermal 
shock created by an unexpectedly excessive 
power surge. At the time of the accident the 
assembly was being used as a source of neutrons 
for the instantaneous irradiation of uranium- 
loaded graphite. The purpose of the experiment 
was to determine the behaviour of this material 
after exposure to a sudden wave of neutrons. 
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The uranium-loaded graphite which was being 
irradiated was enveloped in layers of poly- 
ethylene. It is believed that in the course of the 
remote operations a malfunction of special test 
equipment for the temporary experiment shifted 
the polyethylene-encased graphite closer to the 


critical assembly than intended. The shift in 
position caused the polyethylene to reflect 
neutrons back into the critical assembly The 


reflected neutrons increased the chain reaction, 
resulting in a sudden increase in heat which 
produced the thermal shock in the uranium 

The spherical uranium 235 about 6] in. in 
diameter, comprised six components in_ three 
sections and bolts securing the sections gave 
way under the heat so that pieces of the sphere 
were scattered several feet about the room 
Known as Godiva because it was a bare critical 
assembly, the reactor was first built in 19SI for 
experiments with delayed neutrons. It had 
already been used for some 3,600 experiments 
Because Godiva was not intended for the heavy 
demands for prompt bursts made upon it, 
another unshielded assembly had already been 
designed to carry out either delayed or prompt 
critical experiments. This unit would have a 
wider range and additional protective features 
for prompt-burst operations. Although — the 
accident was widely reported in the daily Press 
it is unlikely that it will be as long remembered 
as Godiva’s other excursion, 


ARTIFICIAL HEART AND LUNGS 
The Lillehei Oxygenator at Guy's 


Successful using the 


Lillehei-pattern 


operations on the heart 
bubble oxygenator have been 
performed at Guy's Hospital, in’ which the 
machine has taken over from the heart for 
periods up to 20 minutes. 

The apparatus built by Guy's Hospital 
Thoracic Research Unit follows closely that 
developed by Lillehei in the United States. 
It has the advantage of simplicity, facilities for 
manual operation in the event of an electrical 
failure, and can be built for about £500. The 
pump unit has been supplied by American 
manufacturers; the heating apparatus, necessary 





a 


bed 


os! — 





In the Lillehei bubble oxygenator constructed by 
Guy’s Hospital Thoracic Research Unit, venous 
blood is ** milked’ by a variable-geared pump 
from the heart and the coronary sinus into trans- 
lucent tubing. The blood is fed with oxygen and 
de-foamed before being passed through a tank, 
maintained at a constant temperature of 37 deg. C. 
by a 750 watt G.E.C. element. A second variable- 
geared pump returns the oxygenated blood to the 
left subclavian artery. 


to keep the blood at constant body temperature, 
has been developed by the General Electric 
Company, Limited, Kingsway, London, W.C.2 

During an operation, the patient's circulatory 
system is first stabilised through the oxygenator, 
heart is arrested Once the heart 
ceases to function the oxygenator takes over 
completely. The variable-geared pump machine 
‘milks the blood, by means of metal fingers, 
from the superior vena Cava (or venous end of 
the heart) into translucent tubing which ts 
receiving oxygen. Blood from the coronary 
sinus is also pumped separately into the main 
circuit. The tubing is fed to a de-foamer so that 
bubbles in the blood can be eliminated. On 
leaving the de-foamer the blood is passed along 
a 12 ft. length of the translucent tubing which 
is wrapped round a frame of spacers at pre 
determined intervals 

The spacer frame with the translucent tubing 
wrapped round it is situated in a transparent 
Perspex tank containing 9 gallons of water. 
This is kept at a constant temperature of 37 deg. ¢ 
by means of a special element controlled by a 
hot-wire vacuum switch. At the outset of an 
operation the tubing in this tank is “ charged 
with 1.000 c.c. of donor blood to give sufficient 
supply until the patient’s circulatory system has 
been stabilised through the oxygenator. The 
oxygenated blood in the translucent tubing, 
having passed through the tank and warmed to 
body temperature, is then “ milked” into the 
left subclavian artery by another variable geared 
pump machine, using the same motor drive as 
the first pump. The gears of the pump machine 
are carefully varied and set to provide a balance 
between the arterial and venous ends. Should 
the motor break down the gears and pump can 
be operated by means of a hand wheel 

The heater element used in the tank ts placed 
absolutely concentrically in a_ nickel-plated 
copper sheath by means of a specially developed 
technique. The element, which has a loading of 
750 watts, is 100 in. long and is wound in a 
spiral so as to give even heating without any 
apparent temperature differential in any part 
of the tank. The heater is placed on circuit in 
the tank some appreciable time before an 
operation takes place so that any overshoot of 
temperature due to residual heat in the element, 
governed by the metal and its heat storage 
capacity, is lost and the thermostat is able to 
keep the temperature constant. 


then the 
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NOTICES OF MEETINGS 


Association of Supervising Electrical Engineers 
LONDON 
Rheostatic Controls of Oil Burners and Other Apparatus 
by S.O. Grant. Central London Branch. White Hall Hotel 
Bloomsbury-square, W.¢ Mon., April 8, 7.30 p.m 
Electronics and Digital Computers,” by Dr. L. E. C. Hughes 


North West London Branch. Century Hotel, Forty-avenue 
Wembley Park on., April 8, 8.15 p.m 
In Search of Coal,” by W.H. Brooks. South West London 
Branch. Prince of Wales Hotel, Hartfield-road, Wimbledon 
S.W19 Thurs., April 11, 7.30 p.m 
BIRMINGHAM 
Power Transtormers by P. G. Sanderson Birmingham 
Branch Birmingham Exchange and Engineering Centre 
Stephenson-place, Birmingham 2. Wed., April 10, 7.15 p.m 
YORK 


York Branch 
30 p.m 


Moulson 
April 8, 7 


Fire Alarm Systems by R. I 
Royal Station Hotel, York. Mon., 


British Institution of Radio Engineers 
LONDON 
Uses of Electro-Plated Coatings in the Electronics Industry,” 

by R. W. Stobbs London School of Hygiene and Tropical 

Medicine, Keppel-street, W.C.1 Wed., April 10, 6.30 p.m.* 
LIVERPOOL 

Annual General Meeting Electronics in Aircraft Installa- 

tions,” by F. Ellson-Jones; and ** A Negative Feedback Circuit 

tor Magnetic Cathode-Ray-Tube Deflection,” by S. L. Fife 

Merseyside Section. Chamber of Commerce, | Old Hall- 

street, Liverpool 3. Thurs., April 11, 6.45 p.m 
NEWCASTLE-UPON-TYNE 


Annual General and Film Evening. North Eastern Section 


Institution of Mining and Mechanical Engineers, Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. Wed., April 10, 
6p.m 
Building Centre 
LONDON 
Film on Taking the Load (Uses of Mobile Cranes in 
Building), exhibited by George Cohen, Sons & Co. Ltd 
Wed., April 10, 12.45 p.m 
Engineers’ Guild 
LONDON 


Metropolitan Branch Mapleton 


Luncheon Meeting 
Wed., April 10, 12.30 p.m. 


Restaurant, Coventry-street, W.1 
tor | p.m 
EDINBURGH 
Luncheon Meeting: Speaker, W. P. Haldane Edinburgh 
Centre. Scottish Liberal Club, 109 Princes-street, Edinburgh 
Mon., April 8, 12.30 for 12.45 p.m 
GLASGOW 
Annual General Meeting and Luncheon 
Georgic Restaurant, Union-street, Glasgow 
12.30 tor 12.45 p.m 


Illuminating Engineering Society 


Glasgow Centre 
Mon., April 8, 


LONDON 
* Aviation Ground Lighting,” by E. S. Calvert Lighting 
Service Bureau, 2 Savoy-hill, W.¢ Tues., April 9, 6 p.m.* 


MANCHESTER 
Annual General Meeting and Members’ Night) Manchester 
Centre. Offices of the North Western Electricity Board, Town 
Hall, Manchester. Thurs., April 11, 5 p.m 

SHEFFIELD 
Annual General London Airport, 


Meeting Lighting at 


by J. G. Holmes. Shetheld Centre. Medical Library, The 
University, Western Branch, Sheffield 10 Mon.. April &, 
6.30 p.m 
Incorporated Plant Engineers 
BRISTOL 
Problems Evening. Western Branch. Grand Hotel, Bristol 
Wed., April 10, 7.15 p.m 
DUNDEE 
Problems of Textile Research.” by H. Corteen. Dundee 


Branch. Mathers Hotel, Dundee. Mon., April 8, 7.30 ¢.m 
GLASGOW 
“ Applications ot Photography in Industry,” by A. Horder 


Glasgow Branch. Scottish Building Ceatre, 425 427 Sauchie- 


hall-street, Glasgow Thurs., April 11, 7.15 p.m 
LEICESTER 
Factory Lighting by A. Holden. Leicester Branch 
Leicester College of Art and Technology, Leicester. Wed 


April 10, 7 p.m 
LIVERPOOL 
Engineering in the Making of Refractories,” by E. Snodgrass 
Mersey and North Wales Branch. Exchange Hotel, Liverpool! 
Thurs., April 11, 7.15 p.m 
NOTTINGHAM 
Various short papers 
Theatre-square, Nottingham 
PETERBOROUGH 
Workshop Maintenance 
in England Peterborough 
Church-street, Peterborough 


Institute of Fuel 


East Midlands Branch. County Hotel, 
Wed., April 10, 7 p.m 


ot a United States Air Force Base 
Branch White Lion Hotel, 
Thurs., April 11, 7.30 p.m 


LONDON 
* Koppers-Tolzek Gasificaton Process.” by Hans Koppers 
Institution of Civil Engineers, Great George-street, S.W.1 


Wed., April 10, §.30 p.m.* 


Institute of Marine Engineers 
LONDON 


Gas Turbines,” by J. A. Barnes Junior Lecture. Woolwict 
Polytechnic, S.E.18. Mon.. April 8, 7 p.m 
LIVERPOOL 
Modern Marine Steam Turbines,” by J. H. Gooch Junior 
Lecture Merseyside and North Western Section Wed 
April 10, §.30 p.m 
Institute of Marine Engineers and 
Institution of Naval Architects 
LONDON 
The Design and Operating Experience of an Ore Carrier 
Built Abroad,” by R. Atkinson Joint Meeting. 85 The 
Minories, E.C.3. Tues., April 9, §.30 p.m.* 


Institute of Physics 
LONDON 
Damping Capacity 
Non-Destructive Testing Group. Fri 
WREXHAM 


and Fatigue.” by Dr. K. M. Entwhistle 
April 12, 6.30 p.m.* 





Industrial Utilisation of Radiation by Dr. R. Roberts 
Liverpoo! nd North Wales Branch Denbighshire New 
Technical College, Wrexham Pri April 12, 7 p.m.* 

Institute of Road Transport Engineers 
LONDON 
Wear and Tear by J. Johnson Royal Society of Arts 


John Adam-street, W.C.2 Thurs., April 11, 6.30pm 


BIRMINGHAM 
Centre. Birmingham 


Midlands 


Annual General Meeting 
Exchange and Engineering Centre, Stephenson-place, Birming- 
ham Tues., April 9, 7.30 p.m 
Institution of British Agricultural Engineers 
LONDON 


Recent Developments in Tractor Techniques,” by T. C. D 


Manby Tues., April 9, 5.30 ¢.m.* 
BRISTOL 


* Silage-Making Chambers, T. P 


Techniques by R. M 


Gregory and Ortord Western Centre Electricity 
House, Bristol. Mon., April 8, 7.15 p.m 
Institution of Civil Engineers 
LONDON 


‘Control of Flow by Gates and Valves,”” by H. D. Morgan 


Hydraulics Division. Tues., April 9, 5.30 p.m.* 
BIRMINGHAM 
* Aspects of Sewerage in the City of Birmingham, Especially 
the New Cole Valley Sewer,” by S. J. A. Asher. Midlands 
Association. James Watt Memorial Institute, Birmingham 
Thurs., April 11, 6 p.m 
DERBY 
* Some Recent Developments in Tunnelling,” by O. Dawson 
East Midlands Association. Electricity Showrooms, Full- 
street, Derby Tues., April 9, 6.15 p.m 
EDINBURGH 
Annual General Meeting 
Association. North British Hotel, Edinburgh 


Edinburgh and East of Scotland 
Wed., April 


“Some Methods of Extending the Life of Bridges by Repair 
or Strengthening,” by J West. South Western Association. 
Imperial Hotel, Exeter. Fri., April 12, 6 p.m 

ULL 


Annual General Meeting Apapa Wharf,’ by D. C. Coode 

Hull and East Riding Branch. Electricity Showrooms, Ferens- 

way, Hull. Wed., April 10, 6.15 p.m 
NEWCASTLE-UPON-TYNE 

** Settlement of Mexico City,” by Protessor W. Fisher Cassie 

Northern Counties Association. Mon., April 8, 6.15 p.m 


Institution of Electrical Engineers 
LONDON 
“A Deep Electrolytic Tank for the Solution of Two and 
Three-Dimensional Field Problems in Engineering,” by E 
Hartill, J. G. McQueen and P. N. Robson. Measurement and 
Control Section Tues., April 9, 5.30 p.m 
“Remote and Automatic Control of Semi-Attended Broad- 
casting Transmitters,” by R. T. B. Wynn and F. A. Peachey 
Radio and Telecommunication Section. Wed., April 10, 
5.30 p.m.* 
* Development of 
Heaters,” by Bates; and 
J. W. Moule and W. M 
April Il, 5.30 p.m.* 


* 


Transportable Thermal-Storage Space 
** Electrical Floor Warming,” by 
Stevenson. Utilization Section 
Thurs., 
HULI 
* Highland Water Power: Developments of the North of 
Scotland Hydro-Electric Board,” by the late T. Lawrie. North 
Midland Centre. Offices of the Yorkshire Electricity Board, 
Ferensway, Hull Thurs., April 11, 7.15 p.m 
LIVERPOOL 
Faraday Lecture 
by Dr. T. E. Allibone 
Philharmonic Hall, Liverpool 
MANCHESTER 
Faraday Lecture 
Manchester Tues., April 9, 
NEWCASTLE-UPON-TYNE 
Annual General Meeting and Conversazione 
Centre. Royal Station Hotel, Newcastle-upon-Tyne 
April 8, 6.15 p.m 


Institution of Engineering Designers 
NEWCASTLE-UPON-TYNE 
** Materials and Processes in Atomic Energy,” by R. J. Parsons 
and P. J. Booker North East Branch. 6 Higham-place, 
Newcastle-upon-Tyne. Mon., April 8, 7.15 p.m 
Institution of Engineers-in-Charge 
LONDON 
* Methods of Controlling the Corrosion of Metals, 
Wormwell St Bride Institute, Bride-lane, 
E.C.4. Wed., April 10, 6.30 p.m.* 


Institution of Heating and Ventilating Engineers 
PRESTON 

Discussion on 

County Offices, Preston. Fri., 


** Nuciear Energy in the Service of Man, 
Mersey and North Wales Centre 
Wed., April 10, 6.30 p.m 


North Western Centre. Free Trade Hall 


30 p.m 


North Eastern 
Mon.. 


by Dr. F. 


“Modern Methods of Oil Firing (with film) 
April 12, 6.30 p.m. 


The address and telephone number of the headquarters of each institution are given below. 


Fleet-street, 
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Institution of Locomotive Engineers 


GLASGOW a 
* Unification of Freight Vehicles on Overseas Railways,” by 


4. Campbell. Scottish Centre. St Enoch Hotel, Glasgow 
Thurs., April 11, 7 p.m 
Institution of Mechanical Engineers 


LONDON 
Symposium on ** Superchargers and Supercharging 
mobile Division Tues., April 9, 4.30 p.m 
Discussion on * Standardisation of Lubricants 

Wed., April 10, 6.45 p.m.* 

Institution of Production Engineers 

LONDON 


Problems Associated with the Planning of a New Factory, 
London Graduate Section Wed., April 10, 


Auto- 
Lubrication 


Group 


by E. G. Cash 


7.15 p.m 
Institution of Railway Signal Engineers 
LONDON 
Federation of British Industries, 


Annual General Meeting 
21 Tothill-street, S\W.1 


Institution of the Rubber Industry 


Section. 26 


Wed., April 10, 6 p.m.* 


LONDON 
Annual 
place, W 


Meeting. London Portland- 


General 
April 9. 6.30 p.m 


Tues., 


Institution of Structural Engineers 


BRISTOL 
Annual General Meeting ; 
Lite of Bridges by Repair or Strengthening, by 
Western Counties Branch The University, Bristol 
April 11, 6 p.m 

GLASGOW 
Annual General Meeting. Scottish Branch 
rant, Glasgow ues., April 9, 7 p.m 


Junior Institution of Engineers 


Design,” by F. J. G 


Some Methods of Extending the 
. West 


Thurs., 


Ca‘doro Restau- 


LONDON 
* Electric Locomotive 
April 12, 7 p.m 

SHEFFIELD 
* Experience ot 
Shefheld Section 
Sheffield. Mon., 


Liverpool Metallurgical Society 


Haut Fri 


Monte Carlo Rally,’ by T. C. Harrison 
Livesey Clegg House, Union-street, 
April 8, 7.30 p.m 


LIVERPOOL 
Annual General Meeting. ‘* Vacuum Techniques in Metal- 


lurgy,” by M. Harper. 9 The Temple, 24 Dale-street, Liver- 
Thurs., April 11, 7 p.m 


pool 


Newcomen Society 


LONDON 
Presidential Address on 
Water Power,” by A. Stowers 


North East Coast Institution of Engineers and 
Shipbuilders 
NEWCASTLE-UPON-TYNE 
* Marine Machinery Breakdowns,” by J. H. Milton. Mining 
Institute, Newcastle-upon-Tyne.  Fri., April 12, 6.15 p.m 


Royal Aeronautical Society 


* Observations on the History of 
Wed., April 10, 5.30 p.m 


LONDON 
* Fail-Safe Structural 
April 9, 7 p.m 


Royal United Service Institution 


Design,” by N. F. Harpur Tues., 


LONDON 


* The United States Naval Admiral W. F. 


Academy,” by 


Boone. Wed., April 10, 3 p.m 
Society of Chemical Industry 
LONDON 
* Recent Research at Milan on the Electro-Chemistry of 
Corrosion,” by Protessor R. Piontelli. Mon., April 8, 


6.30 p.m.* 
West of Scotland Iron and Steel Institute 
GLASGOW 
Annual General Meeting. “* Continuous Casting,” by J. R 
Rippon. Fri., April 12, 6.45 p.m 


Women’s Engineering Society 
MANCHESTER 
* Modern Trends in 
Central Library, St 
April 10, 7 p.m 


Coats 


Wed., 


Practice,” by R 
Manchester 


Lubrication 
Peter's-square, 


Meetings 


in the headquarters town are held there unless otherwise stated. Particulars for this column should 
reach the Editor not later than Monday morning in the week preceding the date of the meeting. 


* An asterisk is placed where it is understood that tea is available prior to the time stated. 


Association of Supervising Electrical Engineers, 23 Bloomsbury- 
square, London, W.C.1.  (LANgham 5927.) 

British Institution of Radio Engineers, 9 
London, W.C.1. (MUSeum 1901.) 

Building Centre, 26 Store-street, London, W.C.1 
5400.) 


Bedford-square, 


(MUSeum 


Engineers’ Guild, 78 Buckingham-gate, London, S.W.1. (ABBey 
7 
Iiuminating Engineering Society, 32 Victoria-street, London, 
Ww (ABBey 5215.) 
Incorporated Plant Engineers, 12 The Parade, Solihull, 


Warwickshire. (Solihull 1111.) 

Institute of Fuel, 18 Devonshire-street 
W.1. (LANgham 7124.) 

Institute of Marine Engineers, 85 The Minories, London, E.¢ 
(ROYal 8493.) 

Institute of Physics, 47 
(SLOane 9806.) 

Institute of Road Traasport Engineers, 69 
London, S.W.1. (ABBey 6248.) 

Institution of British Agricultural Engineers, 6 Buckingham-gate, 
London, S.W.1 (TATe Gallery 8589.) 

Institution of Civil Engineers, Great George-street, London, 
S.W.1 (WHltehall 4577.) 

Institution of Electrical Engineers, Savoy-place. Victoria-embank- 
ment, London, W.¢ (TEMple Bar 7676.) 


Portland-place, London, 


Belgrave-square, London, S.W.1 


Victoria-street, 


Institution of Engineering Designers, 38 Portland-place, London, 
(LANgham 8847.) 
Institution of Engineers-in-Charge, 100 Earisfield-road, London, 


S.W.18. (BATtersea 1394.) 
Institution of Heating and Ventilating Engineer 
square, London, $.W.1 (SLOane 3158 


49 Cadogan- 


Institution of Locomotive Engineers, 28 Victoria-street, London, 
W.1. (ABBey 6672 
Institution of Mechanical Engineers, | Birdcage-walk, St. James's 
Park, London, S.W.1. (WHItehall 7476.) 
Institution of Naval Architects, 10 Upper 
London, S.W.1. (SLOane 4622.) 
Institution of Production Engineers, 10 
London, W.1. (GROsvenor 5254.) 
Institution of Railway Signal Engineers, Euston House, Eversholt- 
street, London, N.W.1 
Institution of the Rubber Industry, 4 Kensington Palace-gardens, 
London, W.8. (BAYswater 9101.) 
Institution of Structural Engineers, 11 
London, S.W.1. (SLOane 7128.) 
Junior Institution of Engineers, Pepys House, 14 Rochester-row 
London, S.W.1.) (VICtoria 0786.) 
Liverpool Metallurgical Society, Greenhithe, 
St. Helens, Lanes. (St. Helens $879.) 
Newcomen Society, Science Museum, Exhibition-road, London, 
S.W.7. KENsington 1793.) 

North East Coast Institution of Engineers and Shipbuilders, 
Bolbec Hall, Newcastle-upon-Tyne, |. (Newcastle 20289.) 
Royal Aeronautical Society, 4 Hamilton-place, London, W.1 

(GROsvenor 3515.) 
Royal United Service Institution, Whitehall, 
(WHltehall 5854.) 
Society of Chemical Industry 
(BELgravia 3681.) 
West of Scotland Iron and Steel Institute, 39 Elmbank-crescent, 
Glasgow, C.2. (Central 5181 
Women’s Engineering Society, 
(GERrard $212.) 


Belgrave-street 


Chesterfield-street, 


Upper Belgrave-strect. 


Grosvenor-road, 


London, S.W.1. 


14 Belgrave-square, London, S.W.1. 


25 Foubert’s-place, London, W.1. 
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DIESEL-ELECTRIC PADDLE TUGS 
FOR THE ROYAL DOCKYARDS 


For more than 130 years the British Admiralty 
have employed steam tugs for handling warships 
in the Royal Dockyards and naval harbours, and 
although some screw vessels have been used for 
this purpose since the ‘sixties of the last century, 
the great majority of these tugs have been 
propelled by paddles. After the first World War, 
during which a large number of vessels of the tug 
type were built for semi-military duties, the 
proportion of screw-propelled Dockyard tugs 
increased, but for manoeuvring large warships 
such as aircraft carriers into and out of docks 
and basins, they have never been quite so effective 
as a powerful paddle tug, with paddles that 
can be operated independently. 

The few steam paddle tugs remaining in the 
Admiralty service are all nearing the end of their 
useful life, the most recently built being the Pert, 
which went into service in 1916. Two years ago, 
therefore, it was decided to build seven new 
tugs, with Diesel-electric machinery to drive 
the paddles. Four were ordered from Yarrow 
and Company, Limited, Scotstoun, two from 
William Simons and Company, Limited, Ren- 
frew, and the seventh from Ferguson Brothers 
(Port Glasgow), Limited. The Yarrow tugs 
are the Director, Dexterous, Faithful and 
Forceful, the Simons vessels the Grinder and 
Griper, and the Ferguson tug, the Favourite. 
The Director and Dexterous are now in service 
and were two of the six Admiralty tugs which 
were employed to enable the Cunard liner 
Queen Mary to put to sea from Southampton 
on March 20, when the strike in the ship- 
building industry threatened to interfere with 
her sailing. 

The principal dimensions of the vessels are as 
follows: length overall, 157 ft., and between 
perpendiculars, 145 ft.; breadth moulded, 30 ft., 
and over the paddleboxes, 60 ft.; depth moulded, 
15 ft.: and loaded draught, 10 ft., corresponding 
to a displacement of 710 tons. The hull is flush 
decked, with a raked-back stem to facilitate 
working under the overhanging sides of aircraft 
carriers; also, for the same reason, the twin 
funnels, arranged athwartship, are low and 
squat, and the mast is mounted in a tabernacle 
so that it can be lowered into a crutch at the 
after end of the superstructure. The tugs are 
intended primarily for harbour serivce, but have 
been constructed under the special survey of 
Lloyd’s Register and are classed 100AI “ for 
towing and salvage services,” including the 
assignment of load line so that they may proceed 
to sea if required. The accommodation, life- 
saving equipment, etc., are to the requirements 
of the Ministry of Transport. 

Accommodation is provided for six officers 
and a crew of 15. The captain's cabin is on the 
bridge deck, adjoining the chart room, which 
also contains the wireless and radar equipment. 
On the same deck is the wheelhouse, which is 
constructed of aluminium alloy in the vicinity 
of the standard compass and is fitted with 
Kent * Clear-view ” screens. On the upper deck 
is a deckhouse containing a cabin for the chief 
engineer, the saloon, galley, pantry, bathroom 
and washplaces. On the lower deck there are 
two double-berth cabins for officers, two cabins 
for the crew, one with seven berths and the 
other with eight, and the crew's messroom. All 
this accommodation is forward of the engine 
room. In the hold below it are tanks for fresh 
water and for Diesel oil, and the bos’n’s store. 
Diesel oil is also carried in tanks in the after 
hold, and in double-bottom tanks under the 
engine and generator rooms. 

The propelling machinery consists of four 
Diesel generating sets supplying two independent 
propulsion motors which drive the paddle shafts 
through chains. The Diesel engines are Davey, 
Paxman and Company's 12 YHAX type and 
drive the generators at 1,600 r.p.m. to give an 
output of 339 kW at 305 volts. These generators 
and the main propulsion motors, together with 


their exciters, control gear and associated 
equipment, were supplied by the British Thomson- 
Houston Company, Limited. Each of the direct- 
current propulsion motors drives one paddle in 
harbour service, but a dog clutch enables the 
two paddle shafts to be quickly connected if the 
vessel should be required to proceed to sea 
Each motor is driven by two generators in series, 
giving 600 volts, and develops up to 800 h.p 
at 212 r.p.m. The connection of the motor 
to the paddle shaft is by a Renold chain with an 
8:1 ratio. The motors can be controlled 
the engine room, 


either from the bridge or 





Seven new paddle tugs have been ordered by the Admiralty for 
Two are in service. 


handling warships. 
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Dundas, Limited, Glasgow, is mounted on the 
after engine-room bulkhead at upper-deck level 

The principal auxiliaries are two self-priming 
vertical centrifugal fire and bilge pumps, with 
a capacity of 30 tons per hour each, one vertical 
centrifugal fire and salvage pump with an output 
of 150 tons per hour, and a horizontal Diesel-oil 
transfer pump with a capacity of 800 gallons 
per hour; all of these have been supplied by the 
Hamworthy Engineering Company, Limited 
The two air compressors, one driven by clectric 
motor and the other by a Diesel engine, were 
supplied by Reavell and Company, Limited, 
and deliver 16 cub. ft. of air per minute cach 
The motor-driven compressor is fitted with a 
heater The Diesel engine driving the other 
compressor is of the Enfield HO2 Mark LI type 
The 25 gallon lubricating-oil purifier and the 
100 gallon Diesel-oil purifier have 
been supplied by the Alfa-Laval 
Company, Limited. The electro- 
hydraulic steering gear has been 
constructed by MacTaggart, 
Scott and Company 

The fire and salvage pump is 
equipped to discharge foam com- 
pound to two Pyrene distributing 
heads and to two monitors, one 
on the bridge and the other on 
a platform forward, as well as 
supplying water to the fire and 
wash-deck services. Separate 
fans provide cooling air for the 
propulsion motors. Each motor 
has its own self-contained system 
for lubricating the bearings 

The navigating and other equip- 
ment includes two 16 ft. life- 
boats, handled by Schat single- 
arm radial davits, with hand- 
operated hoisting and turning 
gear. Two Monarch shock- 
absorbing towing hooks are fitted, 
each tested to 50 tons. The 
estimated bollard pull of the tugs 


The squat superstructure—the mast can be lowered—permit the tug to be manoeuvred under the 
overhanging sides of aircraft carriers. 


and the operator has the choice of two power 
characteristics, which he can select according to 
the particular towing conditions. There is a 
flexible coupling between each motor and its 
pinion shaft, and a semi-flexible coupling on 
each paddle shaft. All the shafts are carried 
in roller bearings. 

The feathering paddle wheels are 17 ft. in 
diameter and have nine floats, 12 ft. 6 in. wide, 
of Canadian rock elm. The star centre is on the 
inboard side of the paddle. 

For the supply of auxiliary power there are 
four Foden generating sets, two in the main 
engine room and two in a separate generator 
room abaft the engine room. They generate 
60 kW each at 220 volts. The Diesel motors are 
of the Foden F.D.6 type. The auxiliary switch- 
board, supplied by Archibald Watson and 


is 15 tons. There is a 16 h.p. electric anchor 
windlass, with a warping drum on each side, 


and a 30 h.p. electric capstan, with a 24 in. 
barrel, is fitted aft. The anchors weigh 12 cwt 
each and the anchor cables are 1! in. in 
diameter. 

The accommodation is heated by electric 


panel-type radiators, with slow-combustion stoves 
as a secondary means of heating. Motor-driven 
fans ventilate the cabins, etc., and exhaust fans 
are fitted in the galley, pantry and bathroom 
Voice pipes and telephones connect the wheel- 
house and engine room. Two signalling search- 
light projectors are carried, and the vessels are 
fitted with echo-sounding equipment. In addi- 
tion, two portable electric pumps, with a capacity 
of 70 tons per hour each, are carried for salvage 
duties. 
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ELECTRONICS AIDS SURVEYING 


ACCURATE DISTANCE MEASUREMENTS WITHOUT TAPES 


The application of some radar principles to the 
surveyor was recently demonstrated 

The instrument, called the Telluro- 
meter, was developed by Mr. T. L. Wadley of 
the South African Council for Scientific and 
Industrial Research and will be marketed in 
this country by Cooke, Troughton and Simms, 
Limited, York. In the normal working range of 
30 miles, the error ts less than 6 in 

Basically the apparatus consists of two instru- 
ments, a master, at which the measurements are 
made, and a remote set which receives the trans- 
mitted waves and re-transmits them back to the 


art of the 
in London 





shown 
mounted on a standard surveying tripod, and 


master. In Fig. 1, the master set is 


Fig. 2 shows the controls. Incorporated in the 
sets, and using the same carrier wave, is a radio 
telephone equipment for communication between 
Speed and accuracy are the 


the two positions 
whereas a 


chief advantages of the instrument; 
base line now being laid out in Africa requires 
the services of five surveyors and about 60 
labourers and will take some six weeks to com- 
plete, with the Tellurometer, the measurement 
of such a line with a maximum error of three 
parts in a million would take two men half-an- 
hour, including the initial alignment of the two 
sets 

Like radar, the instrument works by measuring 
the time taken for a wave to be transmitted and 
returned, but unlike it a continuous wave-form 
is used instead of a pulse The phase differences 
when waves of different frequencies are trans- 
mitted are used to give the delay time in milli- 
microseconds. Time is then converted to dis- 
tance making due allowance for the change in 
the speed of passage caused by varying atmo- 
spheric conditions. The phase difference is 
indicated by a break in a circular trace on a 
cathode ray tube, one edge of the break being 
the measuring point. The time taken for the 
wave to be re-transmitted at the remote station 
is negligible 


The carrier wave employed has a length of 


10 cm. and is modulated by what is termed the 


pattern frequency. This can be either 10-00 Mc's 
(‘A pattern); 9:99 me/s (*B” pattern): 
9-90 Me/s (** C™ pattern); or 9-00 Me/s (* D”™ 
pattern) 
the phase indication zepresents 100 milli-micro- 
seconds of transit time and is therefore equal to 
approximately 50 ft. By subtracting the various 
phase changes, the integers of the line distance 
can be obtained. Thus A — Brepresents 50,000 ft., 
A CC 5,000 ft., AD 500 ft. and A itself 50 ft. 
For lines longer than 50,000 ft. the first figure 
must be provided from a rough knowledge of 
the length of the line. All the frequencies are 
produced from = quartz 
crystals, the ** A” crystal 
being set by reference 


to some exact standard 


as the final accuracy 
of the measurement is 
dependent upon it 
For the same reason, a 
temperature — variation 
chart is included for the 
* A” crystal. 


To eliminate instru- 
ment reading errors when 


Fig. 1 (left) Distances 
from 500 ft. to 35 miles 
can be measured by the 


Tellurometer with an 
accuracy finer than 
1 part in 300,000. Only 
required, 


two men are 


one at each station. 


Fig. 2 (right) Half-an- 
hour is sufficient to align 
the two instruments and 
make all readings. Com- 
munication between the 
two sites is by built-in 
radio telephone. 


obtaining the final figures which are dependent 
on the A pattern alone (the subtraction process 
in the patterns eliminates them automatically), 
a so-called negative A reading is made. In 
this case the phase shift on the oscilloscope is 
made anti-clockwise instead of the normal clock- 
wise, so that the “ - A and * A” readings 
when subtracted give a value for a 20 Mc/s 
pattern free of instrumental error. The same 
two readings are then repeated, but with com- 
plete phase reversal, giving four “ fine * readings 
directly analogous to the readings made on a 
theodolite for the same purpose of eliminating 
errors. ‘ 

An example of the readings and calculation 
involved may be quoted from an extension base- 
line in Zululand. It was known the line was 
approximately 25 miles long, therefore the first 
figure for the transit time was 2, that is there 
were two complete rotations of the 50,000 ft. 
pattern. 


20 to 30 miles A 16 A 16 A 16 A 16 
First figure B 46 coz D 77 0 
2 diff.70 diff.04 diff.39 diff. 16 


therefore transit time to first approximation 

270416 milli-microseconds. The first mean 
value of the “ fine readings corrected the last 
figure to 5-6, giving a time of 270415-6 mus. 
Corrections were then applied to this for (i) crystal 
temperature/frequency, and (ii) atmospheric con- 
ditions as affecting the speed of light, giving a 


At 10:00 Mc's a complete rotation of 
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distance of 132,941 -01 ft. for the length of the line. 

At the demonstration, the master instrument 
was on the roof of Broadway Court, Westminster, 
Seven Droog 


and the remote tnstrument on 
Castle. Shooters Hill, a distance of about 10 
miles. Under these conditions the discrepancy 


between the distance as measured and as supplied 
by the Ordnance Survey was less than 9 cm. or 
approximately | part in 1-4 million. 

The interference caused by reflections from the 
ground (or in some cases from neighbouring 
buildings) can be removed by drawing a mean 
line through the curve of fine readings plotted 
against carrier frequency The worst scatter 
occurs when a line passes at a considerable height 
above still water; such a condition is to be 
avoided. The actual range of the instrument 
is from 500 ft. to 100 miles, but for most prac- 
tical purposes it should be used at a maximum 
range of 35 miles. Owing to the frequency 
employed a line-of-sight arrangement is needed; 
corrections for the earth’s curvature can be 
made for very long lines. The probable error 
is less than 1 part in 300,000 = 2 in.—the 
minimum resolution of the oscilloscope. As 
may be seen from the illustration the instrument 
is very compact. The parabolic reflector is 18 
in. in diameter and a prototype set weighed only 
16 Ib., exclusive of the accumulator. A paper 
fully describing the instrument and its uses is to be 
given to the Royal Geographical Society on 
April 24 next. 





INTERNAL 
GRINDER 


AUTOMATIC 


Newall Group Sales, Limited, Old Fletton, 
Peterborough, have announced the introduction 
of a new, fully-automatic internal grinding 
machine, made by their subsidiary company, 
Keighley Grinders (Machine Tools), Limited, 
Keighley. It is operated by single-lever control 
after setting-up. and is arranged for both gauge 
and diamond sizing, the hole sizes being from 
{ in. to 6 in. diameter, and up to 6 in. deep. 
The work head swivels to allow for taper grind- 
ing, with diamond sizing, up to 60 deg. included 
angle. 

The automatic grinding cycle commences 
when the starting lever is moved, and the work 
tables moves in at rapid traverse until the grinding 
wheel reaches the bore, when the traverse rate is 
reduced to grinding speed, and the table recipro- 
cates on a stroke which covers the length of the 
bore. Rough grinding continues until a pre- 
determined size is reached, when the wheel 
leaves the bore and is diamond dressed. The 
fine feed then engages, and finish grinding 
proceeds until the required size is reached, when 
the table retracts and the wheel guard is lowered. 
_ The machine is operated by hydraulic power 
from a built-in pump and reservoir, and has a 
movable tank and motor-driven pump for the 
coolant. Spindle speeds are from 5,000 to 
20,000 r.p.m. on the standard machine. 
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In Parliament 


BUILDING DESPITE TAXATION 


In the House of Lords last week, Lord Bilsland 


called attention to the effects of the working of 


the Distribution of Industry Act, 1945, upon 
production and employment. He said that the 

Act, passed by a Conservative Government and 
put into force by a Labour Government, inaugur- 
ated a positive policy to promote employment 
in certain defined areas. There was no doubt 
that that policy had had a beneficial effect but he 
felt that the time had come to review the results 
which had been achieved. 

Many of this country’s factories were now out 
of date, but with taxation and building costs 
standing at their present level, it was becoming 
more and more difficult to undertake their 
rebuilding. In the United States, there was 
an increase in the practice whereby industrial 
corporations relied upon financial institutions of 
one sort or another to provide the capital for 
building and rebuilding programmes, in order 
that the firms themselves might conserve their 
resources for the provision of plant. It was a 
fact that, in Germany, much of that country’s 
industry had been rehoused since the recent war. 
British industry, however, had to use its resources, 
seriously limited by taxation as they were, to the 
fullest extent in the re-equipment of plant. 
Only too often, the amounts ploughed back were 
insufficient. The most modern plant required 
the most modern lay-out to operate it efficiently. 

The Government’s attitude towards the 
development areas and towards the development 
of industry generally appeared to have undergone 
a substantial modification in the last year or so. 
It had been announced last June, for example, 
that Government assistance for the provision of 
factories in the development areas would be 
forthcoming for only a very few projects of 
special urgency and importance. A major Act 
had thus been rendered practically inoperative, 
without any declaration of policy about its 
replacement. 

Lord Macdonald of Gwaenysgor (Labour) 
said that the Act had done much good, not 
throughout Wales, but in that part of Wales 
that had been most seriously affected by unem- 
ployment before the recent war. The new 
factories had introduced variety in industry in 
South Wales, but something must be done about 
unemployment in North Wales. 


MEN FOLLOW THE FACTORIES 


Lord Polwarth (Conservative), chairman of 
the Scottish Council, said that the population of 
Scotland as a whole was increasing very slightly, 
but people were moving from some areas, such as 
the Highlands and the Borders, into others. 
Factory building followed a somewhat similar 
pattern. It was in areas where most factory 
building was proceeding that the population was 
increasing most rapidly. This course was bad 
for the countryside, which people were leaving, 
and for the congested areas. Much must be 
spent on relieving congestion. Would it not be 
better to spend a fraction of the money upon in 
ducing industry to go to the de-populated areas ? 

The view was put forward by Lord Greenhill 
(Labour) that, although the problem with which 
the Act purported to deal had lost some of its 
force, other problems remained. It was not 
merely the numbers of the population that 
counted but their skill. Could the country 
afford to face a situation in which the great 
majority of her people were insufficiently trained 
to apply themselves to the higher skills which 
would become the normal characteristic of indus- 
trial production in the near future? 

Lord Lawson (Labour) felt that it would be 
impossible to take up the slack in employment 
in the heavy industrial areas unless there was 
some definite direction of light industry into those 
parts. Lord Lucas of Chilworth (Labour) 
referred to a report that the Central Electricity 
Authority was prospecting the South Coast from 
Kent to Wales for atomic power station sites, 


and inquired who had authorised such action 
He criticised the present planning organisation, 
saying that, while the Board of Trade was sup- 
posed to be responsible for industrial planning 
and the Ministry of Housing and Local Govern- 
ment for another type of planning, the Minister 
of Power was a law unto himself. 

Replying for the Government, Lord Mancroft, 
Parliamentary Secretary to the Ministry of 
Defence, agreed that the Minister of Power had 
a free hand, needing neither planning permission 
nor an industrial development certificate, but 
said there was the closest link between the various 
ministries. The distribution of industry policy 
had yielded striking results. Nearly 350,000 jobs 
had been directly secured in development areas 
and the level of indirect employment obtained 
had been much greater. New industrial develop- 
ment was discouraged in congested areas. The 
Government's policy was not to permit new 
factories in Birmingham, the central Midlands 
or London. 

Lord Bilsland’s motion for papers was with- 
drawn. 

AIRCRAFT INDUSTRY’S PROSPECTS 

A request for information concerning the 
probable future of Britain’s aircraft industry was 
put forward by Mr. Ellis Smith (Labour). 
He asked also for a statement from the Minister 
of Supply concerning the policy of that Depart- 
ment respecting the industry. 

Mr. Aubrey Jones said that, pending the 
completion of the defence review, which was 
now being undertaken, he was unable to say 
what its full implications for the aircraft industry 
might be, but some reduction in military orders 
was inevitable. It was vital to the continued 
prosperity of the industry that this reduction 
should be offset to the maximum possible extent 
by increases in civil work and export orders, 
and that the industry should shape itself to that 
end. In_ particular, some _ consolidation of 
resources was desirable and he accepted, in 
principle, the recent recommendations of the 
Select Committee on Estimates to the effect that, 
in placing contracts with the industry, the Ministry 
of Supply should have regard to that need. 

From April, 1945, to March, 1957, the Minis- 
try’s expenditure on research and development 
in or for the aircraft industry, including sums 
spent on Government establishments, had 
amounted to some £600 million. It was his 
intention, Mr. Aubrey Jones said, to keep in 
close touch with the industry during what must 

clearly be a difficult period of re-adjustment. 
PROFESSIONAL APPOINTMENTS 

A question was put by Mr. Ray Mawby 
(Conservative) to Mr. lain Macleod, the Minister 
of Labour and National Service, regarding the 
services which his Ministry would provide in 
the future for persons seeking posts of the type 
hitherto dealt with by the appointments office 
of the Ministry. Mr. Macleod said that the three 
appointments offices were closed at the end of 
March. In their place, a specialised service for 
persons seeking professional or senior executive 
posts would be provided at about 50 of the 
larger employment exchanges. These exchanges 
would also cater for employers seeking men and 
women to fill vacancies of that type. Information 
about careers in the professions and cognate 
occupations would be available from the same 
offices. The arrangements for the Technical 
and Scientific Register would not be changed. 

FUTURE OF ORDNANCE FACTORIES 

The Royal Ordnance Factories, in spite of 
changes in the nation’s defence requirements, 
will remain a vital part of Britain’s military 
needs, according to another answer given by 
Mr. Aubrey Jones to Mr. Ellis Smith. The 
Minister said that it would be his aim to preserve 
the factories as a live organisation of high 
quality. To that end, he would regard them 
as a preferred source for the manufacture of 
those kinds of munitions which they were 
equipped to produce. Sometimes, of course, the 
urgency of an order, or its size, might make it 
necessary for him to employ other suppliers as 
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well, and there might be circumstances in which 
it would be only prudent to preserve or create 
alternative sources of supply. 

It would be his aim to bring to the factories 
in increasing measure, appropriate work on the 
later types of weapons. The extent to which 
it would be feasible to take these steps might well 
be limited, however, and the newer work was 
unlikely to lead to the large-scale production for 
war purposes for which the factories were 
designed, or to require the employment of large 
numbers of people. Finally, it would be his 
aim to ensure that the retained factories were 
equipped for efficient production, to which end 
they would undertake suitable civil work when 
military demands temporarily declined 

UNIVERSITY TEACHERS’ SALARIES 

The attention of the House was drawn by 
Mr. Kenneth Robinson (Labour) to the concern 
felt by university teachers at the decision of the 
Chancellor of the Exchequer that the implemen- 
tation of their new salary scales should be 
deferred until August | next. He asked if the 
Government was aware that the satisfaction 
derived from the higher salaries was almost 
totally destroyed by the decision to delay their 
coming into effect until 15 months after the 
claim had _ been first presented. Account 
should be taken, he felt, not only of the hardship 
being suffered by university teachers at the 
present time, but also of the fact that more and 
more teachers, especially of science and tech- 
nology, were leaving the profession every month 
to take up employment in industry. 

Mr. J. Enoch Powell, the Financial Secretary 
to the Treasury, replied that the date when the 
new increases in salary would come into effect 
was the beginning of the next academic year, 
and the Government had decided that, in all 
the circumstances, that time was the right period 
for starting. The problem of maintaining the 
level of recruitment to the teaching profession 
was, in fact, the main consideration taken into 
account in the review of these salaries. 
Protection Against Radioactivity 

Mr. Arthur Skeffington (Labour) asked what 
measures were to be taken to protect the public 
from the radiation hazards arising from civilian 
manufacturing processes. He was informed by 
Mr. Henry Brooke, the Minister of Housing and 
Local Government, that the powers already 
existing had so far proved effective in protecting 
the public from hazards arising from the dis- 
charge of radioactive wastes, but, in view of the 
prospects of an increasing use of radioactive 
substances, the advisory committee appointed 
under the Radioactive Substances Act, 1948 
had set up an expert panel to consider whether 

additional measures of control were likely to 
become necessary. 
Nuisance of Foam in Rivers 

According to the advice given by the Trent 
River Board, Mr. Brooke said, there had been 
no material increase in foaming in the lower 
reaches of the river. Foaming on the rivers, he 
told Mr. Marcus Kimball (Conservative), was 
part of a much wider problem. The proper 
remedy was to devise and adopt measures where- 
by synthetic detergent residues were completely 
broken down during sewage treatment. Research 
in that direction was being promoted by the 
standing technical committee on synthetic deter- 
gents which was appointed early this year. 

Victor and Vulcan Aircraft 

Development work was proceeding satis- 
factorily, Mr. Aubrey Jones said, on later 
versions of engines and airframes for both the 
Victor and Vulcan aircraft. These new versions, 
he told Mr. George Brown (Labour), would 
incorporate more powerful engines. In answer 


to acomment by Mr. Emanuel Shinwell (Labour), 
suggesting that the Ministry of Defence was 
considering stopping the production of these 
aircraft, Mr. Aubrey Jones agreed that certain 
decisions still had to be taken as part of: the 
review of defence requirements, but said that that 
did not affect the statement he had made 
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THE HUMAN ELEMENT 


Day of Reckoning at Hand 


While the shipbuilding strike continues (there is 
to be a policy meeting of the unions after this 
issue goes to press) and the employers are trying 
very hard to give the impression that they can 
afford to sit tight, the engineering strike has 
reached the Court of Inquiry stage. Both 
disputes are in fact before the same court this 
week. All the indications are that after a good 
deal of expensive marching and countermarching, 
business might be done at or around about an 
unconditional 5 per cent. increase. The ship- 
building unions offered to take such an award 
until a Court of Inquiry could make a proposal 
at the beginning of last week. 

The N.U.R. obtained 5 per cent. from the 
British Transport Commission and has set 
something of a pattern. The very fact that the 
B.T.C. went beyond its offer of 3 per cent. to 
A.S.L.E.F. with such expedition has left a 
fallacious impression among trade unionists 
that 5 per cent. is the market price for 1957 
despite the 10 per cent. demanded by the hot- 
heads on Clydeside. The illusion is fast deepen- 
ing that every year brings its automatic wage 
increase. But it should be borne in mind that 
even cows cannot be milked too hard when the 
grass is no longer lush. 


Mischief at Work 


In an indirect way, trouble has once again flared 
up between the two railway unions, the N.U.R. 
and A.S.L.E.F. The footplatemen have declined 
to accept those parts of the British Transport 
Commission’s wage agreement with the N.U.R. 
which concerned discussions on improving 
efficiency and a periodic review of wages. The 
B.T.C. has countered by refusing to include 
footplatemen for the present in its 5 per cent. 
wage offer to the N.U.R. 

Nominally, the attitude of A.S.L.E.F. is 
difficult to understand. Wages and efficiency 
are inevitably closely linked and no trade union 
has ever suggested that they were not. The 
suggestion that the offer of the B.T.C. has 
‘ strings ~ attached to it is therefore a great to-do 


about very little. A.S.L.E.F., however, are 
doubtless feeling sensitive. They have been 
forced since the end of 1956 to behave as a 


stalking horse for the N.U.R. which submitted 
a larger wage claim after the A.S.L.E.F. had 
obtained an award on its own. It is therefore 
probably much more concerned to prove that it 
does not intend to be dragged at the coat-tails of 
the N.U.R. than to establish a great issue of 
principle. The situation is none the easier to 
handle for that, however. The air is full of 
irritation and offended amour propre and no 
one will envy the B.T.C. its task of coping 
with the situation. 


Simplifying Specialists’ Salaries 


For many years, the Institution of Professional 
Civil Servants has argued in favour of simplifying 
specialist salary scales in the Civil Service. With 
equal pertinacity, succeeding generations of 
Treasury officials have resisted reform. It is not 
common for organised workers of any kind to 
favour simplification of this sort and the theme 
may be all the more important in this case in 
consequence. The Treasury, trained in cynicism 
as well as clarity of thought, doubtless thinks 
that it would be a poor organisation which did 
not make off with some useful gains to its 
members in the process of simplification and is 
reluctant to make a change. 

Such an attitude, it might be argued, is defen- 
sible only when it comes to erecting the new 
building, not for pulling down the old one. 
To the outsider, the main argument for a simpler 
structure is that it might make for ease of 
recruitment and give applicants a clearer idea 


more quickly of what they might obtain finan- 
cially by entering the public (or near-public) 
service. The Treasury’s desire to maintain some 
reasonable body of principles over the whole 
complex of Civil Service salaries is, of course, 
understandable. But time and modern trends 
are on the side of the Institution. 


The Second Hundred Thousand 


Much has been written about the anticipated 
shortage of scientific manpower in this country 
over the next generation. When the figures are 
brought together, however, they give an added 
impact to the problem. The recent survey under- 
taken by the Ministry of Labour into scientific 
manpower showed that there were about 135,000 
engineers and scientists now in employment in 
this country. Of these, about 78,000 were 
engineers and 57,000 were scientists. About 
half the engineers were in private industry and 
about half the scientists were in education. 

The present annual output from advanced 
technical courses in England and Wales is about 
9,500. This capacity is to be increased as quickly 
as possible to 15,000. To this must be added 
the output from Scotland which historically, at 
least, has been better equipped to produce 
highly qualified technical people than the south 

partly because its basic educational system has 
continued to lay greater stress on the sciences 
and mathematics, partly because the country has 
for long enjoyed a larger number of higher 
educational places per head of population. 

The problem remains, however, of ensuring 
that those who start on a course of higher 
education actually finish it to a reasonable stan- 
dard of proficiency and that they go into the 
right jobs afterwards. It is going to be a most 
difficult task to ensure that trained manpower 
is correctly channelled between industry, central 
and local government organisations (including 
the nationalised industries) and teaching. The 
problem of quality remains to be solved. Is it 
better, for instance, to have a large amount of 
inferior material pushed through higher courses, 
or to divert some of it to where it would be more 
useful and is just as urgently needed, in the 
middle ranges of technical science? It is not 
all a question of numbers by any means. 


Black and White 


Given equal opportunity to learn, negro children 
can do quite as well as the white. Theories to the 
contrary were recently described as * scientifically 
unjustified “ by a group of eighteen prominent 
social scientists and psychologists from the staff 
of United States universities and research institu- 
tions. Race, they said, in no way determines 
innate psychological characteristics. In support 
for their views they cited studies by the American 
Anthropological Association and the Society 
for the Psychological Study of Social Issues. 
The lower intellectual achievement of American 
negro children, particularly those in segregated 
schools, is due to inferior educational oppor- 
tunities associated with their whole environment 
‘which may affect both the physical and the 
mental development of the child.” 

The statement provides strong support for the 
United States Government’s attempts to do 
away with the segregation of negro education. 


It suggests that there exists a vast reserve of 


talent almost untapped, from which the United 
States could derive great benefits. The gap 
between the two races will take time to close 
but the evidence available, that some negro 
children do better than the average white child 
**in spite of all the handicaps” to which they 
have been subjected is most encouraging. 
There is room for such a study in Britain. 
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Technical Service Overseas 


There are now over 1,200 vacancies in the 
Overseas Civil Service according to an official 


booklet published last week called Appointments 
in’ Her Majesty's Overseas Civil Service 
(H.M.S.O., price 3s.). A list of appointments 


open as long as this is very much a sign of the 
times. Twenty or thirty years ago, the Colonial 
Service (as it was then called) had a certain 
degree of choice in the selection of recruits. 
To-day, that freedom is still exercised in the 
interests of maintaining standards but on a 
more restricted scale. Full employment every- 
where for qualified men and women as well as 
the uncertainty of their careers in areas which 
may achieve political independence has reduced 
the attractiveness of service overseas. 

Vacancies are open for a wide range of adminis- 
trative and technical appointments. Significantly, 
jobs are now advertised on a much wider scale 
for women as well as men. Salary scales have 
been improved and reasonable assurances are 
available that political changes will not cut off 
careers. This has indeed been emphasised by 
the change of name of this branch of the public 
service to ‘ Overseas Civil Service.” Yet the 
size of the gap shows how difficult it is to attract 
men of the right calibre to jobs, temporary or 
permanent, abroad. 

It is, of course, true that competition for tech- 
nically qualified personnel is exceedingly strong. 
The overseas territories are competing with the 
Dominions, the home market, and even with 
the United States. In all this, one more thing 
might be done. Many men who might seriously 
consider a permanent or temporary job overseas 
are put off by the suspicion (and it is unfortun- 
ately well-founded) that a series of tours of 
duty in the Colonies is a sign of having accepted 
a form of demotion. But at least the sense of 
isolation is decreasing. In these days of rapid 
intercommunication the man abroad is no 
longer cut off from his technical roots as was 
once the case. Much could be done to help the 
recruitment to the Overseas Civil Service if this 
fact could be more widely known. 


Influencing People 


In putting a view, or a fact, or a whole case 
across it is the quality of the person which 
counts more than the manner of his delivery or 
the substance of his words. The men chosen 
by a company to explain policy, therefore, or to 
pass on everyday information from the board- 
room to the shop floor must * command trust 
and respect ~ among those who are the target 
of their words. Also, people understand best 
what interests them most, and what interests 
them most is what concerns them personally or 
is linked to their basic needs. To relate informa- 
tion to the interests and basic needs of the 
operatives requires understanding and _intell- 
gence. It will also require sympathy, for ** the 
one pre-requisite of effective communication is 
to create the right atmosphere.” 

All these qualities are rarely found in any one 
man. However highly trained a foreman may 
be in the art of * winning friends and influencing 
people ™ he has to be a trusted friend of both sides 
if he is to do his job properly. Perhaps this is why 
communications are a major weakness in most 
companies. The complex problems involved are 
examined by Mr. T. M. Higham, chief industrial 
psychologist of Rowntree and Company, Limited, 
in an article published in the January issue of 
Occupational Psychology. Under the title **Basic 
Psychological Factors in Communications,” he 
reviews current knowledge on the subject and 
concludes that considerable improvements could 
be made through a more careful selection of super- 
visors. Mr. Higham’s analysis is basic enough 
to cause many a managing director to stop in 
his tracks and think. More and better informa- 
tion does not remove misconceptions: nor does 
it remove mistrust if mistrust exists. Like 
shouting, the more it is done the less it is heard. 





